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THE SPRING MEETING 


: Spring Meeting of the Society at Buffalo, 

N. Y., the first meeting of the Society to be held 
in Buffalo, was a decided success. The meeting opened 
on Tuesday, June 22, and closed on Friday, June 25, 
with headquarters at Hotel Statler. 
members registered and 201 guests, a total attendance 


There were 223 


of 424, and the figures would probably have gone even 
higher had it not been for the unexpectedly cold 
weather on Wednesday. On Thursday a party of fifty 
came from Cleveland by boat. 

The local committees had made most complete, and 
even elaborate, preparations for the reception of the 
During the 
the committee members were in constant attendance, 


guests. time of the meeting many of 
and nothing was left undone that could in any way 
contribute to the pleasure of those who were present. 
The chairmen of the several local committees were the 
General Committee, David Bell; Finance 
Committee, D. W. Sowers; Reception Committee, H. P. 
Parrock ; David C. How- 
ard; Women’s Committee, Mrs. William Henry Barr; 
Hotel Committee, W. HL. Carrier; Printing and Publie- 
ity Committee, John Younger. 


following : 


Entertainment Committee, 


A great deal of interest was shown in the technical 
excursions to industrial plants in Buffalo, many of 
Ni- 
ugara also contributed its share of interesting features, 


which opened their doors freely to the visitors. 


and the Reception, Entertainment and Women’s Com- 
mittees were at all times ready to provide some form of 
entertainment. In spite of these many social attrac- 
tions, however, the meeting was very obviously one of 
serious purpose where attendance at professional ses- 
sions and consideration of committee activities were 
made matters of the first importance. 

There were four professional sessions arranged by 
the Committee on Meetings, John H. Barr, Chairman. 
These were held in the ball room and a private dining 
room of the hotel, except on Wednesday morning. 
when all went to Niagara Falls for the day, and met 
for the business meeting and a professional session in 
the auditorium of the Shreaded Wheat Company’s 
factory. 

Four important committee meetings were held dur- 
ing the convention, as follows: the Research Commit- 
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the Loeal Sections Committee, the Boiler Code 
(‘ommittee, and the Increase of Membership Commit- 
well 
sented by delegates from the local sections in all parts 
Sim- 
ilarly, the Boiler Code Committee and the Increase of 


tee, 


tee. The Local Sections Committee was repre- 


of the country, and three sessions were held. 


Membership Committee held important meetings of 
two sessions each. Accounts of these meetings appear 
elsewhere in this issue. 

The headquarters were opened in the hotel for regis- 
tration at 2 o'clock on Tuesday. Many took early ad- 
vantage of this, and the registration on the first day 
amounted to over 150. At 4 o'clock a meeting of the 
Research Committee was held, and at 6 o’clock a con- 
ference and dinner of officers and representatives of 
local sections, with the Local Sections Committee. This 
dinner proved to be of considerable importance in 


connection with the development of their work. 
TUESDAY EVENINGS RECEPTION 


On Tuesday evening, the party gathered in the ball 
room of the Hotel Statler for the informal reception 
hy the members of the Engineering Society of Buffalo 
and local members of The American Society of Me- 
chanical David Bell, of the 
local committee, opened the exercises by introducing 
Mr. Frank B. Baird of Buffalo, who warmly weleomed 
the engineering guests. 


Engineers. Chairman 


He said in part: 
Before formally welcoming our visitors, let us ask Who 
are these people and why welcome them? Our visitors are 
They study to 
which 


a clan of dreamers whose dreams come true. 


control those wonderful forees of nature have at- 


tracted man for ages. First viewed with awe and super- 
stition, these forces were afterwards studied in that process 
of evolution which is thousands of vears old and still in its 
infancy. 

Primitive man, sensing that he could drag a larger load 
than he could carry, built a sled in a cold climate, rollers in 
a warmer climate. Then came the first mechanical engineer, 
the man who first used the wheel and axle. We do not know 
his eolor, his skull long is dust, but his idea lives in the prin- 
ciple of locomotion. Were he here today he would be greeted 
as a hero. 

The speaker referred to Jules Verne, the Frenchman who 
wished to be an engineer but was forced instead to be a 
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lawyer, yet who dreamed of conquering the forces of nature. 
Some things in his stories, designed tu make them attractive, 
should be exeused; but now, fifty years after they were 
written, his dreams are coming true. He referred also to 
John Fritz, the great mechanical engineer, who, when steel 
shafts of greater strength were demanded conceived and 
built the hollow axle. 

He told of Dr. Brashear’s remarkable astronomical in- 
struments. The naked eye counts eight to twelve stars 
within the ten-degree angle of the lens used in stellar photog- 
raphy but the photograph itself, less than one foot square, 
will divulge more than 200,000 stars. We are only on the 
threshold of research, the benefits of which will come to us 
and our children. It is hard to conceive of the vastness of 
the dreams of the mechanical engineer. Hundreds of broad 
gauge men are at work on the problems of nature and 
science. These are the type of people we are to weleome and 
Buffalo is proud to receive them. 


REMARKS BY PRESIDENT BRASHEAR 


Dr. John A. Brashear responded for the Society, 
beginning his remarks with an observation on the gen- 
eral ignorance of the wonders accomplished in the en- 
gineering world, and told, to illustrate this, to the mer- 
riment of the audience, some stories of the astonishment 
among the negroes of the South at the time of the At- 
lanta expedition to observe the eclipse of 1900. 

To illustrate the remarkable advances in science and 
engineering, Dr. Brashear said: 

I have talked with the woman who sat for the first photo- 
graph ever made in America. She was 84 years old when I 
knew her. The photograph was taken the year before I was 
born, 1839. The photograph was a daguerreotype. She had 
to sit still in a chair for an hour with her face covered with 
white powder and her eyes closed. Three great mirrors on 
the roof of a building were throwing light on her all the 
time. The picture was perfect. Today the same result is 
achieved in a tenth of a second. 

He further continued: I have an apparatus in Pittsburgh 
which photographs and records the actual flight of a cannon 
ball or a shell from the mouth of a cannon. It will record 
that flight for a foot or for a mile. By that means, we de- 
termine accurately the speed of the projectile and the vibra- 
tions of the gun itself, as high as 455 vibrations a second. 

I had the happy privilege of working with Professor 
Langley. I knew all the little flying machines with which he 
experimented. I saw the great model with which he had 
planned the first successful flight. The world said it was a 
failure and Langley, my good friend, died of a broken heart. 
Don’t think that these engineers, these dreamers of great 
dreams that come true to benefit all mankind, have happy 
lives! The tragedy of Langley came to me a few years ago 
when I was sailing 2,000 feet above the sea in California in 
a flying machine. 

There are on my list 180 names of men who have done 
something to make the world go round more smooothly on 
its axis, he said, and their unvarying characteristic is sim- 
plicity. The great man is the simple man who ean get down 
and find out the reason of things. 

But where will the credit for these achievements go finally? 
I say to the mothers, the sisters and the wives of the 
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scientists. They bear the hard struggles; they know the pains 
of the achievement; they inspire. For five years Mrs. 
Brashear and I labored together in our little shop on the 
hillside in Pittsburgh making the first astronomical lens in 
America. I was working in the daytime, ten hours a day in 
the rolling mill. Nights my wife and I worked together. 
The critical moment of suecess had come. We went to our 
shop together that night so happy. Five years of work was 
to be finished. There was an accident. The lens was broken, 
the telescope ruined. 

How I worked the next day I do not know. I was heart- 
broken, dulled, stupefied with grief. But up in the cottage 
on the hill a brave woman had gone smilingly to work. 
When I got home that night there was a fine supper; in the 
shop a new dise had been set up, the machines all made 
ready. And, inspired and cheered, we worked and in two 
months more the work of five years was regained. 

Following the addresses a social hour was spent, 
when an elaborate buffet luncheon was served by the 
hosts of the evening, after which there was daneing. 


WEDNESDAY AT NIAGARA FALLS 


Special cars were ready at the Hotel Statler on Wed- 
nesday morning for the day’s outing at Niagara Falls. 
One hundred and fifty joined in the trip, arriving at 
the Shredded Wheat Company’s factory at Niagara 
Falls where the business session and the professional 
session which followed were held. Simultaneous with 
these was a conference of the representatives of local 
sections and the Local Sections Committee. 

At the business session, the report was announced 
of the tellers on the amendment to C-45 of the Con- 
stitution. There were 1182 votes cast: 1135 for the 
amendment, 5 against, and 42 defective. The effect 
of this amendment is to add to the list of standing 
committees a new Committee on Standardization. 

Announcement was made of proposed amendments 
to C-48 and C-54 of the Constitution. The first re- 
lates to a special nominating committee and specifies: 

(-45 <Any group forming one per cent of the persons en- 
titled to vote may constitute itself a Special Nominating 
Committee, with the same powers as the Annual Nominating 
Committee appointed by the President. 

The second proposed amendment relates vo the copy- 
righting of reports and papers and reads as follows: 

C-54 The Society shall claim the exclusive copyright to 
any reports of its duly appointed committees. The Council 
shall waive such copyright for specific reports. The Society 
shall copyright all papers read before the Society, printing 
thereon in each instance that the paper may be reprinted by 
anyone after the same has been read before the Society, 
provided that due credit be acknowledged to the Society and 
the author. The policy of the Society shall be to give the 
professional and scientific papers read before it the widest 
circulation possible, with the view of making the work of the 
Society known, encouraging engineering progress and ex- 
tending the professional reputation of its members. 


The Secretary presented that portion of the report 
of the Committee on Special Threads for Fixtures and 
Fittings covering rolled thread serew shells, together 
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with a letter from T. C. Martin, Secretary of the Na- 
tional Eleetrie Light Association, which contained the 
approval of the Chairman of their Lamp Committee 
and Committee on Wiring of Existing Buildings, of 
the N. E. L. A. It was voted that the report be re- 
ceived and printed in the usual way. 

The balance of the morning after the transactions 
of the Society’s business was devoted to the discussion 
of professional papers. 

A number of the visitors took advantage of the op- 
portunity to inspect the Shredded Wheat Company's 
plant, and at one o’clock those who had been attend- 
ing the meeting, and the ladies who had accompanied 
the party and who had spent the morning in the en- 
jovment of the attractions of Niagara Falls, gathered 
for luncheon at the International Hotel. After 
luncheon, the group was photographed and then the 
party was divided into sections for the gorge trip, and 
for inspecting the power plants of Niagara. 

LECTURE BY 


DR. F. H. NEWELL 


An entertaining lecture was given on Wednesday 
evening by Dr. F. H. Newell, of the University of Ih- 
nois and formerly Chief of the U.S. Reclamation Serv- 
The subject was The Engineer as a Citizen, and 
beautifully colored lantern slides were used of striking 
work. An abstract of the 


ice, 


views of the reclamation 
lecture is given elsewhere. 
PROFESSIONAL SESSIONS 

On Thursday morning there were two simultaneous 
sessions and a concluding session on Friday morning. 
Fourteen papers were presented in all, several of which 
were highly technical in character, and drew out a 
thoughtful and strong discussion. The sessions were 
well attended, particularly the one on Friday morning. 
On Thursday, although there were counter-attractions 
in the way of excursions and opportunities for auto- 
mobile trips, a large audience was maintained at both 
of the sessions. <A list of the papers follows, and ab- 
stracts will be published in later issues of The Journal: 


A Stupy or an SuHarr 1 Moror Truck, John 
Younger 

A COMPARISON OF THE PROPERTIES OF NICKEL, CARBON AND 

MANGANESE STEEL Berore AND Arter Heat TRrEAT- 

MENT, Robert R. Abbott 

Use or CorrvuGarep FURNACES 

Tuse Borers, F. W. Dean 

On Measvurtinc Gas Wercuts, Thos. E. Butterfield 

A Basis ror Rationat Design or Heat TrRaAnsrer Appa- 
rAtus, FE. Wilson 

INPLUENCE OF Disk Friction ON Turpine Pump DesiGn, 
F. zur Nedden 

Tue Surrace Conpenser, C. F. Braun 

Some MecnANICAL FEATURES OF THE HyprATION OF Port- 
LAND CEMENT AND THE MAKING OF CONCRETE AS RE- 
VEALED BY Microscopic Strupy, Nathan C. Johnson 

OF RECTANGULAR CONCRETE BEAMS, Howard Harding 

Mopet EXPERIMENTS AND THE Forms Or Emprricat Equa- 
TIONS, Edgar Buckingham 


FOR 


THE FOR VERTICAL Fire- 
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Krrect OF ReLative Humipiry ON AN OAK TANNED 
Leatuer Bett, W. W. Bird and F. W. Roys 
On THE LAWS OF LUBRICATION OF JOURNAL Branincs, M. D. 
I lersey 
RELATION 
Gantt 
LAPS AND LAPPING, W. 


THe BETWEEN Propuction anp Costs, H. L. 


A. Knight and A. A. C 


THURSDAY EVENING RECEPTION 


The reception and dance on Thursday evening was 
one of the most delightful events which it 
the pleasure of the members to attend at any of the 
gatherings of the Society. Through the efforts of the 
local committee the arrangements had been carried to 


has been 


a high degree of perfection. The music was by Moll’s 
orchestra of Rochester, N. Y., which is deservedly one 
of the popular orchestras of the state, and which con- 
tributed much to the pleasure of everyone who joined 
in the daneing. Late in the evening the party pro- 
ceeded to the dining room of the Hotel Statler where 


a collation was served and a social hour was spent. 


ENTERTAINMENT FOR GUESTS 


The receptions on Tuesday and Thursday evenings 
have already been referred to in this account as events 
of much interest. Another pleasurable occasion was 
the opening of the Twentieth Century Club of Buf- 
falo by its members for the entertainment of ladies 
and members in attendance at the convention. Tea 
was served there on Thursday afternoon and a large 
number accepted the hospitality of the club. Many 
of the prominent women of Buffalo were in attendance 
to receive the guests. 

During Wednesday and Thursday, automobiles were 
placed at the disposal of the visitors for trips about 
the city or for the purpose of reaching manufacturing 
plants or points of interest. A special trip for the 
ladies was arranged on Thursday morning to view the 
interesting points of the eity. 

Still further, the local committee had thoughtfully 
made provision for any of the members who so desired 
to use the facilities of any of the clubs of Buffalo, 
special stamps being issued for this purpose 


EXCURSIONS 


Accounts of the many Buffalo manufacturing plants, 
which extended invitations to the Society to visit their 
works during the convention, have already been pub- 
lished in the last two numbers of The Journal. That 
the members and their friends were appreciative of 
these invitations is evidenced by the numerous visits 
Large parties went to the works 
of the Lackawanna Steel Company, the Snow Steam 
Pump Works, the Pierce-Arrow Motor Car Company, 
Larkin Company, and smaller groups to various other 
plants. A good many stayed over on Friday afternoon 
for the purpose of visiting plants which time had not 
permitted them to inspect on the previous days. 


which were made. 
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THE ENGINEER AS A CITIZEN 
ABSTRACT OF AN AppRESS BY F.*H. NEWELL, 
WEDNESDAY EVENING, JUNE 23 


In his devotion to technieal details does the engineer over- 
look some of his larger duties as a citizen? This is a ques- 
tion that we may well ask while in the midst of our pro- 
fessional discussions. It has already been ably brought out 
in the talks of last night by President Brashear and Mr. 
Baird, that the engineers are * dreamers whose dreams come 
true.” They are men who study to control the forces of 
nature and who have brought about, especially during the 
last generation, most wonderful developments along me- 
chanical lines, increasing the strength and efliciency of each 
worker by a hundred or a thousand fold. 

While great results have thus been achieved in the han- 
dling of inert material, in the use of iron and steel, in the 
control of heat and electricity, vet it may well be asked 
whether there has been corresponding progress on the part 
of the engineer in the beneficial control of human forces 
and sentiments? It has been asserted, and quite generally 
accepted as true, that the typical engineer is a man who sits 
in his inner office, absorbed in abstruse caleulations and 
wholly unaware of the great changes which are taking place 
along other lines of growth. It has been further urged that 
he is not doing his whole share as a man and a citizen, while 
performing a giant's task in his special line. While each of 
us must have our specialty, vet the engineers as a whole 
‘annot afford to be so centered upon details as to lose out in 
broad luman interests. If, as has been asserted, the en- 
gineer is not receiving such recognition from the publie as 
will enable him to perform the largest public service, is this 
not due in part to his own neglect of some of these larger 
matters? This is a question which I wish to raise, not for 
discussion at this time, but rather for further personal con- 
sideration. I will ask each of vou to reflect at leisure as to 
whether vou as an individual are doing your full share to 
let the public know of the achievements of other engineers 
and of the engineering profession as a whole to aid the 
publie. 

It has well been said that the works of the engineer should 
speak for themselves, but many of the greatest works ean- 
not speak for themselves; they are out of sight, hidden from 
view, existing as deep and difficult foundations for lofty 
superstructures, or as tunnels, waterworks and sewers, the 
essential mechanism for which is buried far from human 
sight. If the public who pays the bills is to appreciate 
fully these great achievements, the publie must be told of 
them in language it can understand. The ordinary man can- 
not and does not read the technical descriptions of these 
great works. He is interested in them if the larger facts are 
presented to him in their true perspective and in a way that 
he can comprehend. He is satiated with startling, sensational 
stories, and turns with relief to simple, but definite deserip- 
tions of engineering works and of the diflieulties which have 
been overcome. It requires, however, something of genius 
to state clearly and concisely the principal facts of engineer- 
ing achievements without involving these in a mass of con- 
fusing details and technical language. <A writer has said, 
“ Any fool can write a book, but it takes a genius to write a 
paragraph.” This applies with equal foree to much of our 
technical literature. Any man of ordinary ability can write 
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2 technical paper whieh perhaps he and two or three other 
experts can understand, but it requires a man of somewhat 
unusual ability to state the same facts in a shorter but inter- 
esting manner. There is hardly a technical paper which has 
been delivered before the Society that does not have the ele- 
ments of popular interest if the important points are brought 
out in their true relations to ordinary human affairs. 

Assuming that there is some duty along this line which 
has not been fully performed by the engineers individually or 
collectively, is it possible for us to rectify these omissions 
either by definite action by this and other national engineer- 
ing organizations, or by co-operation among the local engi- 
neering societies? My personal belief is that the engineer- 
ing profession as a whole is capable of being more immedi- 
ately advanced in publie esteem through strong, active, local 
societies than through any other one agency. These local 
societies to be effective, however, should be inclusive in the 
sense that they bring into their membership all engineers 
of good repute in the vicinity, and associate with them all 
men who are interested in engineering as a whole, and who 
are willing to show this interest by attending the meetings 
or by keeping up the annual dues. The strength of such a 
local society lies in its ability to diffuse information not only 
regarding local engineering problems, but also in bringing to 
the attention of its members and to the citizens of the vicin- 
ity the engineering achievements elsewhere, especially those 
which have a bearing upon the solution of loeal problems. 
From my experience in aiding in organizing and in conduet- 
ing local societies, | cannot too strongly urge the importance 
of the profession as a whole of the proper stimulation of 
such organizations. Their best relation to the national 
societies is yet to be worked out, but it is a problem which 
undoubtedly will be selved in the near future. 

Taking up a little more in detail the duties which may 
be and should be performed by the engineers acting in co- 
operation or through local and national societies, attention 
should be directed first to the necessity of a larger and bet- 
ter education of the public as to the faet, which all engi- 
neers recognize, of the superior opportunity and ability of 
the engineer to answer many of the vexatious questions of 
civie interest. There has been too general ignorance of the 
fact, for example, that most of the problems relating to 
publie utilities should be solved on the basis‘of sound engi- 
neering. It should no longer be possible for the Governor 
of a large state to be unaware of the qualifications of engi- 
neers for public utility commissions and with well mean- 
ing ignorance pass over the consideration of the appoint- 
ment of engineers on these commissions. The Jaet that a 
Mayor of one of the largest cities of the United States re- 
fused to appoint an engineer on a publie health board be- 
cause in his opinion the duties appertained to those of busi- 
ness men and physicians, reflects unfavorably upon the engi- 
neering profession of that city in not seeing to it that the 
Mayor was properly informed on the fact that most of the 
problems of sanitation are those purely of engineering. In 
other words, the ignorance of public officials and of the pub- 
lic in general on many of these matters, may be not so much 
the fault of the individuals and communities as it is of neg- 
lect on the part of the engineers as a whole to let it be known 
that many of these problems lie within the province of the 
engineer for solution. 

Without going further into these details, I will, as before 
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stated, simply raise these points as questions for individual 
consideration, and take up a brief description of some of 
the larger pieces of engineering work of importance to all 
citizens which have been brought nearly to completion by 
the Reclamation Service of the United States. You as citi- 
zens and part owners of the great area of publie lands are 
interested in this work; you are directly or indirectly fur- 
nishing the money and should enjoy some of the beneficial 
results. The work as a whole illustrates some of the “ dreams 
which have come true,” and may serve to give a little broader 
view of the practical applications of mechanical knowledge 
employed in developing the latest resources of the West. In 
any event, I should like to introduce you to some of the 
breezy western optimism and breadth of views which result 
from lite upon the almost boundless arid lands of the west. 
The views which I am presenting can show only a few of the 
works for which over $80,000,000 of public funds have been 
spent, and whieh have rendered available for cultivation 
nearly 2,000,000 acres of fertile land. For this expenditure 
many large storage dams have been built, holding flood 
raters and furnishing a supply to many thousand miles of 
eanals and distributing ditches. Connected with this work 
has been the construction and operation of electrical power 
plants, mills, steam and electrie railroads, commissaries, 
hospitals, mines, and almost innumerable mechanical devices 
for the control and distribution of water to furnish op- 
portunities for homes for many thousand families of the 
type which will form the backbone for a permanent and pro- 
gressive citizenship, independent self-supporting—the 
best and most effective of our people. 


MEETING OF THE BOILER CODE COM- 
MITTEE 


An important meeting of the Boiler Code Committee 
was held on Wednesday and Thursday, June 23 and 24, 
at the headquarters of the Spring Meeting in Buffalo, 
at which several important actions were taken. Per- 
haps the most important was that relative to the use 
of the A.S.M.E. symbol as a boiler stamp. At a pre- 
vious meeting, the question of authorization of its use 
in this manner had been referred to the Council, with 
the result that the Council referred the matter back 
to the Boiler Code Committee for recommendation and 
report as to the preferred usage. The result of careful 
discussion of the subject at this meeting was a reso- 
lution offered to the Council, as follows: 

It is the opinion of the Committee that the official 
symbol or stamp is to be used to indicate that The 
American Society of Mechanical Engineers’ rules have 
been complied with in the construction of the boiler. 
The stamp shall be affixed by the manufacturer. Cer- 
tification may be governed by law or contract. 

The resolution was accepted by the Council, and it 
will be of interest to the boiler making industry to 
know that the A.S.M.E. stamp as prescribed in the 
Code will be open to general use for this purpose. 

Another important problem that had arisen in con- 
nection with the Boiler Code was that of interpreta- 
tion of the rules therein. In a number of cases ques- 
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tions have arisen since the Code was issued relative to 
application of particular rules in special cases of boiler 
construction, and as to the exact meaning of certain of 
the rules in which the application proves to be obscure. 
As the result of many requests for interpretation in 
such cases, a second resolution was offered to the Coun- 
cil by the Boiler Code Committee, as follows: 

Your Committee requests that it be empowered to 
make rulings where inquiries are made respecting con- 
structions not covered by the Code, and to interpret 
any parts of the Code. 

This resolution was also accepted by the Council, 
and the Committee devoted its entire second session to 
the consideration of these inquiries and proper replies 
to them. In all, ten cases were considered and inter- 
pretations formulated. It was arranged that each case 
ruled upon shall be given an index number, and the 
ruling thus made shall stand as a permanent interpre- 
tation of the particular portion of the Code involved. 

Further arrangements for the interpretation work 
were made at this meeting in order that no obstacle be 
placed in the way of the application of the Code to the 
industry, by a provision for quarterly meetings of the 
Committee, or as much oftener as may be necessary, 
for consideration of such inquiries for rulings, The 
importance of this phase of the Committee’s work was 
fully recognized, and it is hoped that by this plan the 
application of the Code to conditions in any com- 
munity may be facilitated and its usefulness extended. 

Recognition was given to the International Engi- 
neering Works, Framingham, Mass., for the copy of 
official tests on boiler joints which had been made at 
the Watertown arsenal for this Company on May 15, 
1915. The receipt of this report of test data was ac- 
knowledged, and a resolution was offered that it be 
placed on file in the United Engineering Library in 
New York City. 

Consideration was given to the matter of the index 
that has been prepared for the Boiler Code, and it has 
been ordered printed with slight revisions and a change 
of arrangement. The index will be arranged in 
two parts, one a complete alphabetical index of the 
entire work, and the other a divisional index divided 
into three parts, one corresponding to each of the three 
principal parts of the Code. It is intended that this 
index shall be incorporated in the next edition of the 
Code, which will, in all probability, be printed early in 
the Fall. 

The matter of further work of the Boiler Code Com- 
mittee was considered at this meeting, and the result 
was a third resolution offered to the Council as follows: 

Your Committee requests that it be empowered to 
take up the subject of (1) economizers; (2) pressure 
vessels; (3) rules for operation and care of steam 
boilers and pressure vessels; and (4) recommendations. 

This request was also granted by the Council, and 
the Committee thereby authorized to proceed with this 
work as originally intended. 


| 
: 
= 
| 
pd: 
ag 
¥ 
WE 
% ba *, 
Ke 
FA 
/ 
Mock 
‘ 
> 
xy 
4 


Vill SOCIETY AFFAIRS 


CONFERENCE OF LOCAL SECTION 
REPRESENTATIVES 


The conference of local sections at the Spring 
Meeting reflected the wisdom of the Council in ap- 
pointing the Committee on Local Sections last Janu- 
ary. The personnel of this committee is: Elliott H. 
Whitlock, chairman, W. F. M. Goss, Louis C. Marburg, 
Walter Rautenstrauch, and D. Robert Yarnall; two 
of the committee are members of the Council, one the 
president of the Cleveland Engineering Society, and 
another past-president of the Philadelphia Engineers’ 
Club, and they are, therefore, well-qualified to de- 
velop this important phase of the Society’s activities. 

There were present delegates from all parts of the 
country representing the following centers where see- 
tions are established. 


Atlanta, Frank H. NEELY 

Buffalo, Davin Beti, C. H. Brersaum, W. H. Carrier, and 
JOHN YOUNGER 

Chieago, P. A. PoppENHUSEN 

Milwaukee, Louis E. StrorH Man 

Minnesota, Max 

New Haven, Grorce S. Barnum 

New York, H. R. Cosieigu 

Philadelphia, D. R. YaRNALL 

St. Louis, E. R. Fisu 

San Franciseo, C. F. Braun 

Worcester, E. Howarp Reep and James A. WHITE 


The first session of the meeting, which continued 
through three sessions, took the form of a dinner on 
Tuesday evening with after-dinner speaking confined 
to the subject of Local Sections. The great interest 
which was manifested in the conference is evidenced 
by the fact that at the various sessions there were pres- 
ent, in addition to the regular delegates, Dr. John A. 
Brashear, President of the Society, James Hartness, 
Past-President, John R. Freeman, Past-President, H. 
G. Reist, Vice-President, Henry Hess, Vice-President, 
A. M. Greene, Jr., Manager, Calvin W. Rice, Secretary, 
and H. Wade Hibbard. In attendance also were Wil- 
liam P. Caine, representing Birmingham, Ala., Wil- 
ham T. Magruder, representing Columbus, Ohio, and 
H. H. Esselstyn representing Detroit, Mich., which 
centers now have the establishment of local sections 
under advisement, and Luther D. Burlingame repre- 
senting Providence, R. 1. The only sections which were 
not represented at the meeting were Boston, Cincinnati 
and Los Angeles. 

The Committee on Local Sections had collected data 
from which the chairman had plotted curves showing 
the number of meetings held during the past year by 
the various sections, the cost per meeting, the attend- 
ance per meeting and the cost per member per meet- 
ing. These figures brought out many discrepancies and 
showed that the average cost of each meeting varied 
from $30.00 at San Francisco to $114 at New York. 
Other curves showed that the cost of meetings per 
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member per year varied from 50 cents per member to 
over $2.50 per member. 

Each representative present was given opportunity 
to put on record the ideas of his section and this in- 
formation should prove of great assistance to the Com- 
mittee on Local Sections in formulating plans which 
will, as nearly as possible, unify the procedure of all 
sections and also establish a basis for appropriating 
funds for carrying on their activities, which it will be 
endeavored to have commensurate to the requirements 
of the different sections and on as liberal a basis as the 
various activities in which the Society is engaged will 
permit. 

Wide differences of opinion were expressed as to the 
relations which should exist between the Society and 
the sections and as to the scope of their activities. 
The delegates returned to their various sections with 
mauy new ideas which should prove a boon to the 
worl;, and the investigations of the committee will be 
continued through correspondence so that a satisfac- 
tory solution of the question will be found as promptly 
as possible, 


INCREASE OF MEMBERSHIP 


At the Spring Meeting the Chairmen of Sub-Com- 
mittees on Increase of Membership met for the purpose 
of exchanging ideas, and planning ways and means of 
securing for the Society the support of the many lead- 
ing engineers in various parts of the country who have 
not yet become affiliated with the Society. 

The Chairman of the Committee, I. E. Moultrop, 
found it impossible to be present, but sent a letter ad- 
dressed to those in attendance of which the following 
is an extract: 


‘* | have one thought to suggest to our Committee. 
In almost every instance where a member of the So- 
ciety has not enthusiastically responded to our re- 
quest for help, he has emphasized his thoughts that 
people are prone to weigh the tangible returns they 
would receive from membership in our Society against 
the annual expense of that membership. This is a very 
practical viewpoint, but frankly, is a very short sighted 
and selfish one. If I were so situated that I received 
absolutely no tangible return for my membership in 
the Society, I should still feel that it was my duty to 
continue as a member; I should feel that I ought to do 
something for the mechanical engineer, something for 
the general good of the profession that furnishes a 
living to the mechanical engineers of this country. In 
the address given by L. B. Stillwell at the third Mid- 
Winter Convention of the Institute of Electrical 
Engineers, New York, February 17, 1915, he says in 
one place: 


‘The opinion is widely prevalent throughout the ranks of 
the profession that the true status of the engineer is not 
recognized by those about him; that the work which he has 
done and is doing in the world entitles him to a larger place 
in the public view than he now occupies and to a larger 
share in the administrative work of the nation, state, local 
community, and of our great railway and industrial corpora- 
tions than he now enjoys.’ 
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‘* Mr. Stillwell’s statements, in my opinion, are ab- 
solutely true and the responsibility for the situation is 
with the mechanical engineers of this country. They 
do not take themselves seriously enough, and they are 
not a unit in trying to impress the world that the me- 
chanical engineering profession is in importance second 
to none. English people are very frank in stating that 
the present European war is a war of engineers, and 
if this is so, mechanical engineering must play the prin- 
cipal role. 

‘* T am not only willing but glad to make my small 
contribution towards the general benefit of the engi- 
neering profession, and I think every other engineer 
ought to feel he has a similar duty. I think we should 
make more of an effort to impress this viewpoint on the 
large number of engineers who are not but should be 
members of our Society.”’ 

The following were present at the two sessions of the 
Committee: F. H. Neely of Atlanta, W. H. Carrier of 
Buffalo, P. A. Poppenhusen of Chicago, H. H. Essel- 
styn, N. G. Reinicker and A. L. Burgan of the Michi- 
gan Committee, Max Toltz of St. Paul, J. A. Kinkead 
of New York, E. R. Fish of St. Louis, and C. F. Braun 
of San Francisco. 

The members of the Committee were urged to im- 
press those members of the Society with whom they 
come in contact that in no instance is an invitation 
to join ever extended by the Society or any of its offi- 
cers as such. The work of the Committee on Increase 
of Membership is confined to urging the membership 
at large to see to it that every engineer of attainment 
is affiliated with the Society and giving through it his 
moral support to promoting the best interests of his 
profession. 

Those associated in the work of the Committee on 
Increase of Membership and its Sub-Committees should 
always act as individuals when extending to their 
friends and associates an invitation to apply for mem- 
bership. 

Emphasis should also be made of the fact that the 
membership has greater opportunity now than ever be- 
fore to make objection to candidates who should not be 
admitted. The method formerly used provided every 
voting member with a pamphlet containing a sum- 
mary of the professional qualifications of those who 
had applied for membership during the previous six 
months. 

The last issue of this pamphlet contained 208 pages 
of data covering 619 applicants. Inquiry proved that 
the great expense in publishing and distributing this 
information was not warranted because of the small 
percentage of the membership who took the time and 
trouble to peruse it. 


In its stead was adopted a more simple but just as 
adequate system and at but a fraction of the cost. This 
consists of publishing the name, occupation, and ad- 
dress of the applicant listed under a heading for which 
his age and professional qualifications appear to fit 
him. 
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This method makes it possible for every member to 
examine the list every month. If any member, voting 
or otherwise, questions the eligibility of anyone posted, 
he may receive upon request a complete copy of the 
professional record of that applicant. Any applica- 
tions for which information is requested, are held up 
until careful investigation is made and the member 
raising the question has had opportunity to give com- 
plete details, and these are either disproved or the ap- 
plication is indefinitely deferred. This gives the mem- 
ber an opportunity to secure information concerning 
those whom he questions without the trouble of looking 
through a lot of details regarding applicants he does 
not know. 

The Membership Committee, made up of an entirely 
separate group of members than those working on the 
Increase of Membership Committees, uses the utmost 
care and gives most careful scrutiny to the records of 
the applicants, the remarks made by sponsors and any 
information which may be sent in by other members of 
the Society. 

That the efforts of the Committee on Increase of 
Membership have borne fruit is evidenced by the fol- 
lowing table : 


RECORD OF APPLICATIONS RECEIVED MONTHLY FOR THE PAST 
EIGHT YEARS 


(Committee on Increase of Membership Appointed in January 1912) 


19908 1909 1910 1911 1912 1913 1914 1915 
January ‘ 28 29 35 44 44 140 92 49 
February ‘ 21 39 40 54 81 240 110 123 
March..... 51 39 38 31 110 49 323 167 
April 41 37 28 21 49 §2 &3 68 
May - 28 36 28 22 34 47 69 66 
June ; 33 15 30 27 63 47 52 156 
July ws 20 21 19 34 6S 54 131 
August 21 22 15 33 156 9S 6 
September 17 26 28 37 74 188 68 
October , 49 29 30 33 36 64 63 
November 26 32 27 22 2 58 50 
December 35 29 34 49 53 S4 53 
Total 370 354 407 810 1121 155 629 


Owing to the general condition of business the activi- 
ties of the Committee on Increase of Membership were 
reduced to the minimum last summer, and the result is 
apparent in the figures from August 1914 to January 
1915. It will be noted that in the first six months of 
1914 a total of 729 applications were received, whereas 
in the corresponding period this year 629 applications 
have been filed. 

Many of the most prominent engineers now in the 
Society have joined since 1911, and in almost every in- 
stance their affiliation was the result of activity on the 
part of some member connected with the Committee on 
Increase of Membership. The high standard of the 
membership acquired during the past four years is 
shown by a perusal of the Year Book and a compari- 
son of the members shown to have entered the Society 
since 1911 with those who entered prior to that time. 
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x SOCIETY 
COUNCIL NOTES 

A meeting of the Council was held in Buffalo, 
Thursday, June 24, 1915, at Society Headquarters, 
Hotel Statler. 

The President announced the appointment of a com- 
mittee consisting of Charles Whiting Baker and A. M. 
Greene, Jr., to represent this Society in conferences to 
be called by the American Society of Testing Mate- 
rials. 

Mr. Whitlock, chairman of the Committee on See- 
tions reported that there was a great deal of interest 
shown in the conference of the representatives of the 
sections, which was then in progress. These represen- 
tatives had come from all portions of the United States, 
including even San Francisco and Atlanta. 

The Secretary reported the deaths of B. F. Isher- 
wood, Honorary Member, John Birkinbine, G. T. 
Reiss, A. L. Bowman, John P. Zipf, and James T. Hal- 
Sey. 

Honorary Vice-Presidents which included H. R. 
Towne, W. M. MeFarland, J. B. F. Herreshoff, Steven- 
son Taylor, had been appointed to represent the So- 
ciety at the services to Mr. Isherwood; at the memorial 
services in honor of F. S. Pearson, J. W. Lieb, F. A. 
Halsey, H. G. Stott, F. A. Goetze were appointed as 
Honorary Vice-Presidents. 

Election of applicants for membership was an- 
nounced, on the ballots which closed May 29, and June 
19th. 

The resignation of C. W. Huntington was accepted. 

Nominations for officers for the ensuing year were 
reported by the Nominating Committee, and appear 
elsewhere in the Journal. 

The Council confirmed the appropriations of $100 
approved by the Exeeutive Committee for the work of 
the Committees on Student and Junior Prizes. 

Approval was given to the appointment of E. A. 
Stillman on the Committee on Hydraulic Flanges. 

Prof. Arthur M. Greene, Jr., one of the representa- 
tives of the Society on the joint Engineers’ Committee 
with reference to the constitutional convention, re- 
ported the progress that had been made in recommend- 
ing changes in the constitution, with respect to engi- 
neering matters. 

The Committee on Sections in San Francisco, con- 
sisting of F. W. Gay, Chairman, F. H. Varney, Vice- 
Chairman, C. F. Braun, Secretary, H. L. Terwilliger, 
J. T. Whittlesey, likewise the Chicago Section Com- 
mittee was approved, of H. M. Montgomery, Chair- 
man, Joseph Harrington, Vice-Chairman, Robert E. 
Thayer, Secretary, Charles E. Wilson and H. T. 
Bentley. 

New Orleans was chosen as the place of the Spring 
Meeting, 1916. The Society has never met in New 
Orleans, and has been in receipt of very cordial invita- 
tions for several years past, from the members there 
and from the Louisiana Engineering Society. 
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REPORT OF THE NOMINATING COMMITTEE 
The Secretary announces the receipt of a report from 
the Nominating Committee in which the following 
hames are offered as candidates for the offices indi- 
cated : 
For President: 
D. S. Jacopus, New York 
For Vice-Presidents: 
Wa. B. Jackson, Chieago, II. 
J. Bancrorr, Philadelphia, Pa. 
JuLIAN KeNNeEpy, Pittsburgh, Pa. 
For Managers: 
Joun H. Barr, New York 
Joun A. Stevens, Lowell, Mass. 
Hl. de B. Parsons, New York 
For Treasurer: 
Wa. H. Witry 


COMMITTEE ON PROTECTION OF 
INDUSTRIAL WORKERS 
The Committee on Meetings has recently established 
a Sub-committee on Protection of Industrial Workers. 
The members of this new committee are: Joun H. 
Barr, Chairman; W. Mix; Price 
JacKSON; Wituiam A. ViaLL; Jonn W. Upp. 


This committee desires to avoid all unnecessary 
duplication of work or conflict with the activities of 
other organizations, but is anxious to perform its part 
in bringing about the standardization of effective and 
practical protective devices and methods. 

In order to define properly its scope and determine 
its limits of activity it solicits information as to what 
has been done and is being done through other 
agencies. These agencies include state bureaus, insur- 
ance interests, organized societies or their committees, 
departments of industrial coneerns and individuals. 
Suggestions as to sources of such information, espe- 
cially reports of committees and codes for safeguard- 
ing industrial risks, are solicited. The new committee 
of the A.S.M.E. asks the assistance of those already 
engaged in the safety movement, and desires to recip- 
rocate by codperating with others interested in estab- 
lishing a more systematic practice in the reduction of 
industrial accidents. 

It is the intention of the committee not to hastily 
recommend standards; any action in that direction will 
only follow mature consideration of all the pertinent 
evidence available. An effort will be made to review 
the work of other agencies and to secure the advice 
and opinions of those who can speak with authority 
before attempting any specific recommendations. 


The field which may be covered is a large one and 
the committee will probably find it desirable to restrict 
itself to the consideration of certain classes of risks at 
the beginning of its work, extending to other lines 
later, as conditions and development may warrant. 
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The first work will be a survey and digest of what 
has been done, having particular regard to legal codes 
which have been adopted in various States, regulations 
and requirements of insurance organizations, and codes 
which have been adopted by other associations. 

It is obvious that such safeguards as should be ap- 
plied to machinery can best be supplied with the ma- 
chines by the maker. This procedure will result in 
guards better in design and lower in cost than if made 
by hand in the works of the purchaser. No doubt the 
purchaser would give preference, other things being at 
all equal, to machines provided by the maker with 
well designed protective features. The manufacturer 
will appreciate the value of such features as selling 
points, especially after these get some vogue. 

The great obstacle to the adoption of this practice of 
‘built in’’ safeguards is the diversity of require- 
ments and conflicting regulations in force in different 
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Mengel; George W. Dickie, Vice-President, Am. Soc. 
M. E.; Lieut. G. W. Danforth, Chief of the Dept. of 
Machinery; W. H. Onken, Jr.; Prof. C. M. Jansky ; 
M. Brill, Mem. and Past Vice-President, Am. 
Soc. M. E.; Emil Fischer and Calvin W. Rice, Secre- 
tary of the Am. Soc. M. E. Those standing are, from 
left to right: Captain B. C. Bryan, U.S. N.; Fred R. 
Low, Mem. Am. Soe. M. E.; John Hunter, Manager 
Am. Soe. M. E.; Captain C. A. MedAllister; F. J. 
Frank; D. S. Watkins; W. H. Crosby ; Cecil P. Poole, 
Mem. Am. Soe. M. E.; Carl Hering; Hl. W. Bring- 
hurst: Thomas Norriss; Prof. Wm. H. Kavanaugh, 
Mem. Am. Soe. M. E.; Jesse M. Smith, Mem. and Past- 
President, Am. Soe. M. E., and N. A. Bowers. 

The exhibits in the machinery buildings and those 
in the exposition generally which had to do with me- 
chanical and electrical devices were divided nearly 
equally among four group juries. 


Geo. 


These juries were 


OF THE Four Grove Juries or PaNnama-Paciric INTERNATIONAL EXPOSITION 


sections of the territory over which any given product 
is distributed. 

If The American Society of Mechanical Engineers, 
cooperating with other agencies, can effeet an approach 
to uniform requirements in this matter, it will mate- 
rially contribute to the reduction of aecidents, and will 
vastly reduce the annoyances incidental to complying 
with legal and insurance requirements. 

To expedite an approach to this desirable estate is 
the first aim of the Committee on Protection of Indus- 
trial Workers. 


INTERNATIONAL JURY OF AWARDS 


INTERNATIONAL EXposiTiIoN 


On this page is published a photograph of the four 
group Juries of Awards of the Panama-Pacifie Interna- 
tional Exposition having to do with machinery exhibits. 
The names of the gentlemen seated, reading from left 
to right, are: Prof. H. Wade Hibbard, Mem. Am. Soe. 
M. E.; Prof. Charles E. Luecke, Mem. Am. Soe. M. E.: 
Prof. John T. Faig, Mem. Am. Soe. M. E.; J. C. 


smaller than in previous expositions for the reason 
that it has been found that a small group is more effi- 
cient than a large one. 

The chairmen of the respective groups were: Mr. 
Dickie, Tools for Shaping Wood and Metals; Mr. 
Brill, General Machinery and Accessories; Mr. Low, 
Steam, Gas, Hydraulic and Other Motors; and Mr. 
Onken, Electrical Machinery. These gentlemen, to- 
gether with the Chief of Exhibits, Mr. Danforth, be- 
came members of the Grand Jury which is still in 
session, 

There were over 600 separate exhibits, about 150 
to each group jury, and, in turn, each of the exhibits 
contained one or more items for which the exhibitor 
wished separate consideration. 

The work of the juries consisted in passing upon 
each individual item, assigning a mark on a seale of 
100, to a definite schedule representing the features 
which one should take into account in judging the 
exhibit, such as its usefulness, attractiveness, instrue- 
tiveness, length of time the firm making it had been in 
business, whether or not the firm had received previous 


a 
BF 
4 
Ve 


an 


XII 


awards for the same lines of manufacture, ete. The 
sum of the individual marks which each member of 
the group jury secured was reported to the secretary 
of his group and the average taken. This indicated 
whether there should be given no award, honorable 
mention, bronze medal, silver medal, gold medal or 
medal of honor, 
and the vote 
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WORCESTER POLYTECHNIC INSTITUTE 


The fiftieth anniversary of the founding of the 
Worcester Polytechnic Institute was celebrated on 
June 9. Delegates from nearly ninety colleges, uni- 
versities and technical schools and from eight engi- 
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was taken’ by 
the entire group 
confirming the 
award. 

The care and 
unanimity 
of judgment of 
the individual 
members of the 
jury was indi- 
cated by the 
fact that the 
scheme of mark- 
ing was so well 
thought out, 
and methods of 
arriving at 
judgments so definite, that the percentage variation 
from the average was usually very slight. Any person’s 
individual judgment after the awards had been made 
by the group jury was in turn recommended to the supe- 
rior jury for its review. 


ENDORSEMENT OF THE BOILER CODE 


Full endorsement of the Boiler Code as a set of 
rules for stationary boiler construction was the result 
of a resolution adopted by the Master Boiler Makers’ 
Association at its ninth annual convention held re- 
cently at Chicago. The Executive Committee of the 
Association, after investigation, made the reeommenda- 
tion that the Association should adopt the A. S. M. E. 
Boiler Code, and this recommendation was favorably 
voted upon by the Association. The opinion was ex- 
pressed that the Boiler Code is the best set of boiler 
rules that has ever been published and it was hoped 
that it would become a standard throughout the entire 
country. 

Also advices have just been received that the 
A.S.M.E. Boiler Code has been adopted by the Indus- 
trial Board of the State of Pennsylvania and by the 
Board of Boiler Rules of the City of Detroit as their 
standards of boiler construction in their respective dis- 
tricts. It has also been reported that the use of the 
A.S.M.E. Boiler Code is being strongly agitated in the 
State of California, as well as in a number of other 
States, and it is said to be more than likely that it will 
be the standard of boiler construction in a large pro- 
portion of the States of the Union before the end of 
the year. 


cleties were 
present. The 
Society was 
represented by 
Dr. John A. 
Brashear, Presi- 
dent, and Cal- 
vin Riee, 
Secretary. 


Among the 
speakers were 
David I. Walsh, 
Governor 
of Massachu- 
setts; A. Law- 
rence Lowell, 


Worcester PoLytecunic L.L.D., presi- 


dent of Harvard 
University, and George I. Alden, of the board of 
trustees of the Institute and member Am. Soc. M. E. 

Ira N. Hollis, president of the Institute, in his in- 
troductory address, expressed his regret that important 
duties elsewhere prevented President Wilson and 
Major-General Goethals from attending the function. 
He traced the connection between the hard experience 
of the men who had, on both sides, gone through the 
four years of the Civil War, and the subsequent rapid 
growth of the American industries led, to a large ex- 
tent, by the men who, in the words of the speaker, 
have ‘* brought away from four years of hard fighting, 
clean hearts.’’ The problem of the day in this country 
is the necessity of greater care of our natural resources 
and less waste of available material. Recent laws have 
not accomplished as much by direet enforcement as 
they have by indirection, by public discussion, or by 
the formation of public opinion. In this aspect of 
American life the universities and colleges 1ave a more 
important function than the legislatures. 

President Lowell compared the life led by the 
Romans with that of the present generation. The con- 
ditions of life were profoundly different from what 
they are today, and in many eases the gulf in moral 
conceptions was nearly as deep: in Athens, Plato and 
Socrates said that slavery was an absolute necessity, 
not only for human prosperity but still more for hu- 
man progress. It was not so much the change in 
morals, as the progress in engineering, control of the 
forces of nature, that brought about the establishment 
of the new, and better order of things, but, President 
Lowell added with emphasis, in controlling the forces 
of nature, one should know something of the com- 
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munity in which one lives, and the effects which a cer- 
tain application of these forces will produce on the life 
of the community. 

The same strain, the imperious need of a connection 
between the work of the engineer as such as 
a member of the community of which he is a part, was 
still more forcibly impressed in the address of Governor 
Walsh of Massachusetts. An institution like the Worces 
ter Polytechnic Institute, he said, is specially valuable 
to the commonwealth in that it equips men to grapple 
with the problems of government, and to ‘* preserve the 
blessings and the liberties the people enjoy unsullied and 
unstained,’’ a significant statement when addressed to 
uv purely technical institution. 

The address of George I. Alden was given before a 
meeting of the local section of The American Society 
of Mechanical Engineers, held in the afternoon and 
simultaneous with the celebration exercises. lis ad- 


dress appears elsewhere in this issue. 


CONVENTION OF THE NATIONAL AssOCTA- 
TION OF CORPORATION SCHOOLS 


Of general interest in connection with the meeting 
on June & of the Worcester local seetion of the So- 
ciety, and of the celebration of the fiftieth anniversary 
of the foundation of Worcester Polytechnic Institute, 
referred to elsewhere in this issue, is the third annual 
convention of the National Association of Corporation 
Schools that was held at Worcester at that time. The 
meetings which extended over four days, June 8-11, 
were presided over by Charles P. Steinmetz, president 
of the Association, Mem. Am. Soe, M.E., and they were 
devoted to discussions of the many important problems 
entering into industrial edueation, such as trade ap 
prenticeship, special apprenticeship schools, vocational 
guidance, office work schools, ete. More than 150 rep- 
resentatives of many of the largest industrial corpora- 
tions In the country were present. 

The address of weleome was made by George I. 
Alden, president of the Norton Companies, who gave 
the reasons why such large corporations may conduet 
schools in their own works and at their own expense. 
Ile pointed out the great opportunity offered by the 
Association for corporations to come into closer rela- 
tions of personal contact, knowledge, and interest with 
their employees, to offer them vocational guidance, *o 
increase the wages of employees by increasing their 
specific knowledge, and consequently their value to the 
corporation, and thus secure a unity, permanence, and 
efficiency throughout the whole organization, which 
will be of mutual benefit to all. 

In connection with the meetings of the Association 
which were held in Higgins Hall of the Worcester 
Boys’ Trade School, the memory of Milton P. Higgins, 
who was a member of the Society, was honored as 
founder of the school. Mr. Higgins, who was referred 
to as the father of trade schools, believed that the pro- 
ductive shop was an essential factor in successful trade 
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training, and his early work in connection with the 
Polytechnic Institute and later—in founding the Trade 
School, which was the culmination of his twenty-eight 
years of business life at the Polytechnic Institute, 
proved that his belief was well founded. His memory 
was honored by the presentation of two fine bronze 
tablets which have been placed by his family at either 
side of the entrance of the Trade School for Boys 
building. 


JOHNS HOPKINS UNIVERSITY 

On May 20, Dr. Frank J. Goodnow was installed 
as the third president of Johns Hopkins University at 
saltimore, Md. The inauguration was preceded by a 
procession of the delegates consisting of presidents 
of more than fifty American and Canadian colleges 
and universities, faculties, trustees, alumni and grad- 
uate and medical students. The Society was repre- 
sented by Prof. Carl C. Thomas, professor of mechan- 
wal engineering at the University. Dr. Goodnow in 
eccepting the responsibilities of the office, made an 
address on Modern Educational Ideals. He said in 
part: 


The complaint is often made that modern education is too 
practical im its aims, and as a consequence, the coming gen- 
eration will lose much of the beauty and richness of life 
which those of the present owe to their pursuit in past years 
of what are usually called cultural as opposed to vocational 
studies. An examination of the history of universities would 
seem to show that almost everywhere and at almost every 
period the primary purpose ot those seeking an education 
has been in very large measure a distinetly practical one. 
This purpose has been to aequire proficiency in the protes- 
sion which they intended to follow. Even in the earliest 
time, tendencies were toward the practical side, and grad- 
ually subjects crept into the universities which were once 
considered in the nature of trades, but which were later 
looked upon as learned professions. The first of the new 
professions to be recognized by the university was medicine. 
Just as the development of an approximately scientifie medi- 
cine resulted in transforming medicine from a trade into a 
learned profession, so the development of the engineering 
sciences has made the engineer out of the artisan, the archi- 
tect out of the builder, and the scientific chemist out of the 
alchemist. At the present time, furthermore, new sciences 
and professions are in the making, such as the scientifie agri- 
culturist, the scientific forester, the naval architect, and the 
eflliciency engineer. 

It may be truthfully said, however, that educational ideals 
while perhaps more practical than formerly, are really to be 
distinguished from former ideals by reason of the fact that 
they are broader and more comprehensive. We no longer 
consider education as purely vocational or purely cultural. 
We no longer confine our study to theology and philosophy 
or to literature and mathematics. The functions of modern 
education are manifold. 

They include the disciplinary training of the young along 
general lines, the transmission of that particular knowledge 
of the past which will do most to develop persons of culture, 
the applications of scientific methods to the conduct of the 
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ordinary affairs of life, the inerease of our knowledge 
through research and investigation and the rendering of pub- 
lie service. None of those ideals is to be despised as un- 
worthy of pursuit by men of learning. None perhaps may 
be selected as more worthy of pursuit than the rest. 

On the following day, Dr. Henry C. Adams, profes- 
sor of history of the University of Michigan and the 
first graduate of Johns Hopkins University, gave an 
address at the dedication of Gilman Hall. It sounded 
very forcibly the call to the study of those things con- 
tributing to the larger life of mankind without refer- 
ence to the utilitarian objects of study, and was a 
plea for the things of the spirit. 

Following Dr. Adams, and as the final feature of the 
program, General Goethals made a splendid address at 
the dedication of the Engineering buildings. After 
having pointed out the wonderful development of the 
creative arts in the last century, the speaker defined 
the relation between material progress and the moral 
progress of mankind. He said further: 

In man much of the brute still remains, but, although no 
marked progress can be observed in the subjugation or 
eradication of human passions, the engineer has shown ad- 
vancement in his cult, the direction of the great sources of 
power in nature to the use and convenience of man. The 
present war may be expected to be followed by an era of 
great industrial advance. Notwithstanding its horrors, war 
assists progress, as new industries are developed, and in- 
ventive genius is aroused and stimulated. 

The work of the engineer is gradually tending to bring him 
into closer contact with other spheres of activity: with the 
physician in the preservation of public health; the lawyer 
in the drafting of contracts, enforcing and perhaps contest- 
ing them; perhaps even with the clergy in the handling of 
motley crowds in construction camps. 

In the United States, it was the army that supplied the 
first engineers. West Point was the first, and for some time 
the only technical school in the country, and its graduates 
ranked high among the engineers of the United States. 
Later, when technical education was undertaken by the col- 
leges and universities, graduates of the Military Academy 
were found among instructors and professors. Furthermore, 
it was the army which started the great work which subse- 
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quently developed into what is now known as the U.S. 
Geological Survey and the Coast and Geodetie Survey. 

The speaker proceeded then to give a brief but highly 
interesting account of the creation of the department of en- 
gineering at the Johns Hopkins University, and made an 
eloquent detense of the principles laid at the foundation of 
its program. After all, in the words of Maj. Gen. Goethals, 
it is not the amount of technical information that is of im- 
portance. What is needed is so to train the mind that it ean 
grapple with reasonable hope of successful issue the various 
problems that will arise in after life; and this is accom 
plished best by a thorough grounding in and mastery of the 
theory of the fundamentals. 


THE GETTING-TOGETHER OF THE EN- 
GINEERING PROFESSION AT SAN 
FRANCISCO 
Traveling by the Engineers’ Special to the Inter- 
national Engineering Congress at San Franciseo will 
afford a unique opportunity for engineers and their 
friends to meet, on one train, the officers and members 
of the five national engineering societies under whose 

auspices the Congress is being held. 

For a number of years, there has been developing 
® spirit of coéperation among the national engineer- 
ing societies, and it is believed that the Congress will 
serve to unite further not only the engineering societies 
of America but also those of the entire world in one 
common effort. 

The details of the exeursion to San Francisco are 
briefly as follows: 

Round trip ticket, via the Engineers’ Speeial and 
returning by any route, can be purchased for $98.80. 
Pullman service and meals are of course extra. 

The train leaves New York City at 7:45 p.m. on 
Thursday, September 9, and arrives in San Francisco 
at 9 o’clock on the evening of Wednesday, Septem- 
ber 15. 

The outgoing trip will allow stop-overs at Niagara 
Falls, Colorado Springs and the Grand Canyon. 

Each of the national engineering societies will hold 
separate professional meetings on Thursday, Septem- 
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ber 16 and Friday, September 17. On Saturday and 
Sunday, September 15 and 19, excursions to points of 
These excur- 
sious include visits to the Potrero Gas Works, the 
largest gas station on the Pacific Coast, the San Fran- 
cisco High Pressure Fire System, the Great West- 
ern Power Company's Hydroelectric Development, the 
Spaulding-Drum Development of the Pacific Gas and 
Rlectric Fields. 
During the following week, beginning September 20, 


engineering interest will be organized. 


Company and the Coalinga Oil 
the sessions of the Congress will be held jointly. 

Col. G. W. Goethals will act as Honorary President 
of the Congress and is expected to preside in person 
Prof. W. F. Durand is chair- 
man and W. A. Cattell, secretary. 


over its general sessions. 


The papers presented will cover the general field 
of engineering and are intended to treat the various 
topics in a broad and comprehensive manner, with 
special reference to the important lines of progress 
during the past decade, the present most approved 
practices and the lines of present and future develop- 
ment. Furthermore, each will be accompanied by a 
bibliography of its subject. 

The Congress has been handled with special wisdom 
on the part of a very loyal committee of which Prof. 
W. F. Durand is chairman, and by A. M. Hunt, chair- 
man of the meetings committee. These men have 
given several vears of unselfish devotion to the work, 
without remuneration of any kind. Notwithstanding 
this, the cost of literature, maintenance of headquar- 
ters, printing and publication of papers will be 
considerable and the Engineering Societies have un- 
dertaken to underwrite these expenses, but it is 
earnestly hoped that the members at large will sup- 
port the Congress by their codperation. The fee for 
membership in the Congress is only five dollars, but 
if a sufficient number of members enroll, the entire 
expense will be paid without calling upon the parent 
societies. 

The Congress is a celebration by the United States 
of the greatest engineering achievement ever under- 


taken in the history of the world. It is fitting, therefore, 
that every engineer should be officially represented in 
its membership. 

The following is a partial list of those who have sig- 
nified their intention of attending the Congress and of 
journeying by the Engineers’ Special. In this partial 
list only members of this Society are included. A 
total of 145 are now scheduled for the official train 
from New York and 21 for the train from New Orleans. 


Nicholas S. Hill 

Edwin B. Katte 

Bradley Stoughton 

Leonard Metealt 

Wm. H. Wiley and Mrs. Wiley 

John H. Bernhard and Mrs. M. B. Bernhard-Nable 
G. R. Tuska and Mrs. Tuska 

W. L. Saunders 

L. KK. Comstock and party 

James Hartness and Mrs. Hartness 

R. J. Hill and Mrs. Hill 

G. W. Fuller and Mrs. Fuller 

Calvin W. Rice 

Alex. C. Humphreys, Mrs. Humphreys and party 
Ira H. Woolson and Mrs. Woolson 
Charles A. Mead 

A. Stucki, Mrs. Stucki and party 
Ferdinand L. Schmidt and Mrs. Schmidt 
A. H. Goldingham and Mrs. Goldingham 
R. M. Clayton and party 

Paul C. Philipp 

Laurence C. Bowes 

Reid Jones 

Paul H. Grimm 

W. J. A. London 

H. J. Freyn and Mrs. Freyn 

R. V. Norris 

Robert B. Wolf and party 

James M. Dodge, Mrs. Dodge and party 
W. R. Warner, Mrs. Warner and party 
Carl F. Dietz and Mrs. Dietz 

P. M. Lineoln, Mrs. Lincoln and party 
Henry G. Reist and Mrs. Reist 

Robert W. Hunt 

Frank B. Gilbreth and Mrs. Gilbreth 


The headquarters of the Society will be at the Hotel 
Clift. The local arrangements will be in charge of a 
Committee on Local Affairs. A general program of the 
Congress and of the excursions will be mailed to mem- 
bers of the Society on request. 
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APPLICATIONS FOR MEMBERSHIP 


TO BE VOTED FOR ON AUGUST 10, 1915 


M EMBERS are requested to scrutinize with the 
utmost care the following list of candidates who 
have filed applications for membership in the Society. 
These are sub-divided according to the grades for which 
their age would qualify them and not with regard to 
professional qualifications, i.e., the age of those under 
the first heading would place them under either Mem- 
ber, Associate or Associate-Member, those in the next 
class under Associate-Member or Junior, while those in 
the third class are qualified for Junior grade only. Ap- 
plications for change of grading are also posted. 


NEW APPLICATIONS 
FOR CONSIDERATION AS MEMBER, ASSOCIATE OR ASSOCIATE- 
MEMBER 


ApaMs, JAMES F., Supt. and Vice-Pres., The Canister Co., 
Phillipsburg, N. J. 
Axguist, Kari, Engr., General Elee. Co., Schenectady, N. Y. 
AppLer, A. Bensamin, Mech. Engr., The Delaware & Hud- 
son Co., Watervliet, N. Y. ' 
Auten, James E., Asst. Supt. Bldgs. and Equipment, 
Cadillae Motor Car Co., Detroit, Mich. 

BarevrHer, ApoupH A., Insptr., The Panama Canal, Wash- 
ton, D. C. 

BerRTHOLD, Frank C., Mech. Foreman, Illinois Steel Co., 
Gary, Ind. 

Boscu, FrepericK W., Designing and Cons. Engr., Murray 
Iron Works, Burlington, Ia. 

Boynton, JoHN E., Ch. Engr., American Brick Co., Lincoln, 
Il. 

Brooks, Percy C., Vice-Pres., Canadian Fairbanks Morse 
Co., Ltd., Toronto, Ont., Can. 

Brown, JoHn W., Jr., Cons. Engr., Baltimore, Md. 

Cuampion, Davin J., Pres., Champion Rivet Co., Cleveland, 
Ohio 

ConeNn, ABRAHAM S., Mech. Engr., with C. L. Howes, M.E., 
Boston, Mass. 

CoKEr, JAMES L., Jr., Vice-Pres., Carolina Fiber Co., Harts- 
ville, S. C. 

Couuister, GeorGce F., Mgr., Crucible and Alloy Steel Sales, 
The Betz Pierce Co., Cleveland, Ohio 

CONKLIN, Harry R., Mining and Electrical Engr., Joplin, 
Mo. 

CONNELLY, LAURENCE E., Vice-Pres., The D. Connelly Boiler 
Co., Cleveland, Ohio 

CONNELLY, WituiaM C., Pres., The D. Connelly Boiler Co., 
Cleveland, Ohio 

CoveL., Grant A., Dean of Sch. of Engrg. and Mech. Arts, 
Oregon Agri. College, Corvallis, Ore. 

CUNNINGHAM, CHRISTOPHER, Pres., The Christopher Cun- 
ningham Co., Brooklyn, N. Y. 

Dyer, Orviti£ K., Asst. Sales Mgr., Buffalo Forge Co., Buf- 
falo, N. Y. 

Ex.uiorr, §S., Pres., Elliott Co., and Pres., Liberty 
Mfg. Co., Pittsburgh, Pa. 

Focarty, Micuae., Boiler Mfr., Michael Fogarty Inc., New 
York 

FrevetTE, JOHN, Supt. Tools and Equipment, The Westing- 
house Mech. Co., East Pittsburgh, Pa. 


The Membership Committee, and in turn the Coun- 
cil, urge the members to assume their share of the re- 
sponsibility of receiving these candidates into the 
Membership by advising the Secretary promptly of any 
one whose eligibility for membership is in any way 
questioned, All correspondence in regard to such mat- 
ters is strictly confidential and is solely for the good of 
the Society, which it is the duty of every member to 
promote. These candidates will be balloted upon by 
the Council unless objection is received before August 
10, 1915. 


Fritts, CHARLES E., Elec. Engr., Metropolitan St. Rwy. Co., 
Kansas City, Mo. 

Cuarves E., Supt. Motive Pwr. and Mchy., Union 
Pacifie R.R. Co., Omaha, Nebr. 

Gace, Vicror R., Asst. Prof. Exper. Engrg., Cornell Uni- 
versity, Ithaca, N. Y. 

GrorG, Turoporr, Ch. Draftsman, Alberger Pump & Con- 
denser Co., Newburgh, N. Y. 

Gorton, Cuarces E., Gorton & Lidgerwood Co., New York 

Grace, Joun F., Designing Engr., Henry R. Worthington, 
N. J. 

Gunsy, Frank McC., Specl. Asst., Charles T. Main, Engr., 
Boston, Mass. 

Hansen, Jens H., Mech. Engr., The Pelton Water Wheel 
Co., San Francisco, Cal. 

HENDERSON, Ernest G., Viece-Pres. and Mgr., The Canadian 
Salt Co. Ltd., Windsor, Ont., Can. 

Hout, Puixy E., Vice-Pres. and Genl. Mgr., The Holt Mfg. 
Co., Stockton, Cal. 

Hopkins, Luoyp C., Engr. and Designer, The Smith Gas 
Pwr. Co., Lexington, Ohio 

Horsman, Herpsert W., Head of Planning and Rate Fixing 
Dept., Associated Equipment Co., Ltd., London, Eng. 

Hvuppeiy, Lyman P., Pres., Fillmore Ave. Fdy. & Iron Wks. 
Ine., Buffalo, N. Y. 

Hunter, Samvuet R., Genl. Supt., Rawleigh-Sehryer Co., 
Freeport, Ll. 

JOHNSON, Frank F., Supt., The Kelly & Jones Co., Greens- 
burg, Pa. 

Jones, Putuip, Cons. Engr., Pinal Dome Oil & Refining Cos., 
Santa Maria, Cal. 

KEANE, FRANK, Production Mgr. and Engr., Fritz Car- 
buretor Co., Norristown, Pa. 

CHARLES F., Vice-Pres. and Genl. Mgr., The 
Dayton Engrg. Lab. Co., Dayton, Ohio 

Kinpiunp, Martin G., Marine Architect and Cons. Engr., 
New York 

Knapp, Epwin R., Prof. of Descrip. Geometry and Mech. 
Drawing, Stevens Inst. of Tech., Hoboken, N. J. 

Lanper, Rosweu S., Assoc. Engr., The Soper Engrg. Co., 
Chattanooga, Tenn. 

Lane, FrepvertcK L., Mech. Supt. and Engr., Haines, Jones 
& Cadbury Co., Philadelphia, Pa. 

Lawson, James T., Ch. Operator, Public Service Elec. Co., 
Newark, N. J. 

Leont, ALronso M., Ch. Engr., A. M. Leoni Mfg. Co., Ine., 
Philadelphia, Pa. 
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LIEBERMANN, Pau. B., Engr. of Tests, Hyatt Roller Bearing 
Co., Newark, N. J. 

LonGixo, James L., Seey. and Engr., Arkansas Lt. & Pwr. 
Co., Arkadelphia, Ark. 
Luck, Grorce A., Deputy Chief, Mass. Boiler Insp. Dept., 
and Chairman Board of Boiler Rules, Boston, Mass. 
Leeker, Herserr R., Mgr., De La Vergne Engine Co., Hous- 
ton, Tex. 

Jousx W. F., Ch. Draftsman, Internatl Engrg. 
Wks., Framingham, Mass. 

Macy, Nevsox, Pres., Corlies, Macey & Co., New York 

Mant, F., Meech. Engr., National Metal Molding 
Ambridge, Pa. 

Mareie, H., 
Worcester, Mass. 

Miekir, R., Pres., Mickle-Milnor Engrg. Co., Phila- 
delphia, Pa. 

Mitnor, Triowas W., 
town, Pa. 


Moore, M. F.. 


Pres., Curtis & Marble Meh. Co., 


with Kline Hardware Co., Ine., Allen- 
Asst. to Pres., Kewanee Boiler Co., Kewanee. 


with Chapman Valve Mtg. Co., Indian 
Orehard, Mass. 


Parker, Freverte H., Res. Engr., S. 
Air Brake Co., Pittsburgh, Pa. 

Preces, Genk Mgr., The Challoner Co., Oshkosh, Wis. 

Prarr, Aveustre G., Asst. to Pres., The Babcock & Wileox 
New York 

Raprorp, Georck S., Production Engr., Remington Arms & 
Ammunition Co., Bridgeport, Conn. 


Roneins, Harris A., Supt. Pwr., Brooklyn Rapid Transit 
System, Brooklyn, N. Y. 


RoueBacHer, 


Dist., Westinghouse 


Boiler Insptr., Hartford Steam 
Boiler Tnspt. & Ins. Co., Erie, Pa. 
Sacus, Dante M., Viee-Pres. and Genl. Mer., Northern 


Pipe Line Co., Oil City, Pa. 

Sackerr, Roserr L., Dean of Engrg., Penn State College, 
State College, Pa. 

SAUCERHERING, Rrenarp Meeh. Engr., Motor Dept., Gen- 
eral Elec. Co., Pittstield, Mass. 

Sepawicok, Harry A., Asst. Supt., The Cutler-Hammer Mfg. 
Co., Milwaukee, Wis. 

Ferpinanp Designing 
Steam Pump Wks., Phillipsburg, N. J. 

SKINNER, James D., formerly in charge of Operating and 
Engrg. Depts., Northern Coal & Coke Co., Denver, Colo. 

Spicer, Cuartes W., Master Mech., Fernwood Lumber Co., 
Fernwood, Miss. 

Stem, Frank B., Mech. Engr., Day & Zimmermann, Phila- 
delphia, Pa. 

STERLING, Georce R., Insptr., Hartford Steam Boiler Insp. 
& Ins. Co., Jersey City, N. J. 

Swirt, Joun B., Dist. Sales Mgr., American Rotary 
Valve Co., Chieago, Ill. 

Taytor, Frank W., Charge of Steam Turbine Erection, 
General Elec. Co.; Seheneetady, N. Y. 

Tomson, P. Mgr., Thomson Tool & Supply Co., 
Indianapolis, Ind. 

Turner, Raven E., Assoc. Editor, Practical Engineer, Chi- 
cago, Il. 

Weep, Martin B., Ch. Mech. Engr., Rock Island Oil & Min- 
ing Co., Dallas, Wyo. 

Wexp, Lypta G. (Miss), in charge of Tracing Dept., New- 
port News Shipbuilding & Dry Dock Co., Newport 
News, Va. 

WituiamM L, Major Ord. Dept., Supt. Water- 
vliet Arsenal Shops, Watervliet, N. Y. 

Westox, Burt H., Instr. in Mech. Drawing and Mech. De- 


Engr., Cameron 
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sign, The David Ranken Jr. 
Louis, Mo. 

Weyker, Winuiam J., Asst. to Ch. Engr., Commonwealth 
Edison Co., Fisk St. & Quarry St. Stas., Chicago, IIL. 

R. F., Ch. Engr., Hudson River Mills, 
Internatl. Paper Co., Palmer, N. Y. 

Wikstrom, Matcoum U., Genl. Supt., Pittsburgh Steel Prod- 
ucts Co., Monessen, Pa. 

Wituiams, H., Draftsman, 
Tube Co., Beaver Falls, Pa. 

Witsox, Henry ©., Cons. Engr., Tech. Dir., Ord. Dept., 
Westinghouse Elec. & Mfg. Co., New York 

Woop, Joun T., Mech. Supt., Franklin Process Co., Provi- 
dence, R. 

Woop, Roperr, Cons. Engr., Nathan Mfg. Co., New York 

Josern G., Dept. Supt., Remington Arms & 
Ammunition Co., Bridgeport, Conn. 


Sch. of Mech. Trades, St. 


Pittsburgh Seamless 


FOR CONSIDERATION AS ASSOCIATE-MEMBER OR JUNIOR 

C., Instr. in Mech. Engrg., Washington State 
College, Pullman, Wash. 

Barrox, Raymonp L., Draftsman and Checker, American 
Car & Fdy. Co., St. Charles, Mo. 

Berris, ALEXANDER E., Mech. Engr., Kansas City Elee. Lt. 
Co., Kansas City, Mo. 

Biack, Wituiam, Asst. Prof. of Steam Gas Energ., Univ. 
of Wis., Madison, Wis. 

Buensop, ALrrep Meech. Engr., Internatl. Cigar Mehy. 
Co., Brooklyn, 

Cary, James W., with Puget Sound Traction Lt. & Pwr. Co.. 
Everett, Wash. 

Coie, Haroup R., Ch. 
Brooklyn, N. Y. 

Crewson, G. G., Meech. Engr., The Roessler & Hasslacher 
Chemical Co., Perth Amboy, N. J. 

Daniets, Ara M., Asst. Mech. Engr., Off. of Pub. Rds. and 
Rural Engrg., U. S. Dept. of Agri., Washington, D. C. 


Davies, THuomas R., Ch. Constr. Engr., Nitrate Agencies 
Ltd., Iquique, Chile, S. A. 


Dickey, Arruur J., Genl. Mer., C. A. 
Toronto, Can. 
Doyie, Martin A., 2nd Lieut. of Engrs., U. S 
Cutter “ Mohawk,” Sta. N., New York 
Goptx, Anpre F., Mech. Engr., Ingram-Hatch Motor Corp., 
New York 

Grirrix, Pertey K., Mech. Draftsman, Stone & Webster 
Engrg. Corp., Cambridge, Mass. 

Herrick, Danien A., Supt., Julian D’Este Co., Boston, Mass. 

Herxtuar, Atpuevs O., with The Lunkenheimer Co., Bos- 
ton, Mass. 

Kenor, Basit T., Genl. Foreman, Stirling Drum Dept., The 
Babcock & Wilcox Co., Barberton, Ohio 

Lazear, Weston B., Mech. Engr. New York Office, Stephens- 
Adamson Mfg. Co., New York 

Lerrier, Leo J., Seey., Chas. Leffler & Co., Brooklyn, N. Y. 

LeserMAN, Pup, Jr., Cons. Engr., also Owner, The Super- 
vision Co., New York 

McLunpit, ArcuipaLp Mech. Engr. and Patent Atty., 
Chattanooga, Tenn. 


O’Coxnor, Joun B., Designer, Lyon Metallie Mfg. Co., 
Aurora, 


ParpwortH, Water A., Supt., Corona Typewriter Co., Gro- 

QuayLe, LeRoy A., Asst. Engr. of Pwr., Dept. of Public 
Utilities, Div. of Water, City of Cleveland, Ohio 

Scumipt, Jouan C. C., Engr. and Draftsman, Ransome Con- 
crete Mehy. Co., Dunellen, N. J. 


Draftsman, A. Sehrader’s Son, Ine., 


Dunham Co. Ltd., 


. Coast Guard 
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Scorr, Grorce W., Genl. Foreman, Seott & Sons’ Co., Med- 
ford, Mass. 

Scorr, W. Doxr, Engrg. Asst., Syracuse Ltg. Co., Syracuse, 
N. Y. 

Sairu, Waurer J., Genl. Mgr., Lightwell Steel Sash Co., 
Newport, Del. 

STreeTeR, CLAuDE O., Asst. Sales and Cons. Engr., Graton & 
Knight Mfg. Co., Worcester, Mass. 


STRINGFELLOW, Henry A. Head of Dept. Civil Engrg., 
Mechs. Inst.. Rochester, N. Y. 

Sweet, Steven H., The Hiteheock Gas Eng. Co., Bridge- 
port, Conn. 

THorPr, Greorce H., Designing Engr., Millville Mfg. Co., 
Millville, N. J. 

Upate, Stancey M., Lab. Engr., Holley Bros., Detroit, Mich. 


VALLANCE, ALEXANDER, Instr. in Theo. and Applied Mechs., 
Univ. of Ill, Urbana, DL. 


Watsu, J., Plant Supt., Fayette R. Plumb, Inc., 
Philadelphia, Pa. 

Mevurice T., with Pratt & Inman, Worcester, Mass. 

Wituiams, Ricuarp C., with Buffalo Steam Pump Co., Buf- 
falo, N. Y. 

Witson, Aurrep B., Local Coml. Mgr., New York Telephone 
Co., Plainfield, N. J. 

Youna, Joun M., Mech. Engr., Otis Elevator Co., Buffalo, 

FOR CONSIDERATION AS JUNIOR 

AGnew, James R., Ch. Engr., City of Clarksdale Municipal 
Pwr. Plant, Clarksdale, Miss. 

ALDEN, Rocer O., Toolmaker, Bauscli Machine-Tool Co., 
Springfield, Mass. 

Josern L., Insptr., Chicago Telephone Co., Chicago, 
Ill. 

Bassett, Cyrus W., Engr., Elevator Supply & Repair Co., 
Chicago, Iil. 

BuiakE, FRANK C., Instr., Mech. Engrg., Brown Univ., Provi- 
dence, R. I. 

Brapy, LaBpan J., Grad. Student 1915, Univ. Colo., Kansas 
City, Mo. 

Burnet, AuFreD E., Draftsman, Taylor-Wharton Iron & 
Steel Co., High Bridge, N. J. 

Cuacre, Howarp P., with Norton Grinding Co., Worcester, 
Mass. 

CoLe, Frank H., Head of Chem. Dept., Walworth Mfg. Co., 
Boston, Mass. 

Cotvin, James A., with Sauk Rapids Granite Co., Sauk 
Rapids, Minn. 

Epstein, Meyer K., with Gilbert & Barker Mfg. Co., Spring- 
field, Mass. 

Fenn, Joun G., Supvrg. Insptr., London Guarantee & Acei- 
dent Co. Ltd., New York 

Fisuer, Rosert R., with Albaugh-Dover Co., Chicago, Il. 

Fravens, Frank H., Jr., Supvr. of Constr., W. B. Rollins 
& Co., Cons. Engrs., Kansas City, Mo. 

Lors, AurreD H., Rolled Wheel Dept., Midvale Steel Co., 
Philadelphia, Pa. 

LUEHRMANN, HuaH, with The Babcock & Wilcox Co., Cincin- 
nati, Ohio 

Main, Cuares C., Jr., with Brunner Mfg. Co., Utiea, N. Y. 
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Miter, LyMAN H., with American Steel & Wire Co., Wor- 
cester, Mass. 
MveELter, Jacos L., Experimental Engr., Springfield Facing 
Co., Springfield, Mass. 
Nerr, Russett M., with David Luptons’ Sons Co., Phila- 
delphia, Pa. 
Nose, Rosert E., Designing Mech. Engr., Mesta Meh. Co., 
Pittsburgh, Pa. 
Parren, Ernest L. O., Mech. Engr., Katahdin Pulp & Paper 
Co., Lineoln, Me. 
Pearce, Epwin Speel. Engr., Chicago, Cleveland, Cin- 
cinnati & St. Louis Rwy., Indianapolis, Ind. 
Perry, Raven H., Mech. Engr., Katahdin Pulp & Paper Co., 
Lineoln, Me. 
Rentox, James L., Shop Foreman, Ewa Plantation Co., 
Ewa, Hawaii 
Ricnonx, Jutes L., Betterment Dept., Robert Gair Co., 
Brooklyn, i 
Ricuarp A., Engrg. Dept., The Babeock & Wil- 
cox Co., Barberton, Ohio 
Rusix, Harry EF, with The National Dry Kiln Co., Indiana- 
polis, Ind. 
ScHLENKER, Rupoir P., Mech. Draftsman, Bath Tron Wks., 
Bath, Me. 
ScHLANK, Fitzas, Engr., M. W. Kellogg Co., Jersey City, 
N. J., and New York 
cuMipT, Francis W., Engr., West Penn Traction Co., 
Pittsburgh, Pa. 
CHNEIDER, Louis J., with Hyatt Roller Bearing Co., De- 
troit, Mich. 
SuHEATSLEY, W., Grad. 1915, Ohio State Univ., Colum- 
bus, Ohio 
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Lovestuer S., Foreman Reintorced Concrete Constr., 
with Wm. E. Cory, Civ. Engr., Sedalia, Mo. 

Wieser, Grorce A., Student App., Westinghouse Meh. Co., 
East Pittsburgh, Pa. 

Youne, M., Engr. Draftsman, Thomas Potter Sons 
& Co., Ine., Philadelphia, Pa. 


APPLICATIONS FOR CHANGE OF GRADING 
PROMOTION FROM ASSOCIATE-ME MBER 


Frepertck C., Asst. Engr., The Panama Canal, 
Balboa Heights, C. Z. 


PROMOTION FROM JUNIOR 

GILMAN, Feankuin W., Testing Engr., Sanford Rilev Stok- 
er Co. Ltd., Worcester, Mass. 

Martin, Epwarp J., Asst. Supt., Hopkins & Allen Arms Co., 
Norwich, Conn. 

Renner, Routanp B., Charge of Engrg., Jeffres Mfg. Co., 
New York 


SUMMARY 
Applications for change of grading: 
Promotion from Associate-Member........ 1 
Promotion from 3 
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ICE-MAKING AS A BY-PRODUCT OF CENTRAL STATIONS 


BY HEYWOOD COCHRAN, CHICAGO, ILL. 


Non-Member 


LTHOUGH. ice plants have been operated in connec- 
A tion with electric light plants for a considerable 
time, it is only within the past five years that the possibilities 
for profit in such a combination are beginning to be appre- 
ciated. These ice plants may be conducted in either of two 
ways: First, as the property of the central station, in which 
case they are usually located adjacent to the power plant; 
Second, privately owned, purchasing current or steam from 
the central station. The latter are usually motor driven 
compression plants, located at the point best adapted tor 
the distribution of ice. 


Insu lation 


Ammonia 
Receiver. 


— 


Feed Valve” 


Fic. 1 DiaGramMatic VIEW OF A SECTION ¢ 


One point of difference between electric light and ice 
plants is the limit of size for economical distribution. For 
the former this is indefinite, but the latter soon reach a size 
where the cost of distribution more than offsets the saving 
from a central plant. There are in operation plants of 300 
to 500 tons capacity, but individual plants of from 80 to 150 
tons capacity are preferable. Except for the cost of dis- 
tribution, however, a plant owned by a central station if 
properly designed can make ice cheaper than any ice plant 
in the second class or any other privately owned plant. 

In order to explain why certain kinds of ice machines are 
better adapted for the first class and others for the second, 
a brief description of the methods of ice manufacture will 
be given. While there are a number of different refrigerants, 
only ammonia will be considered, as it can be used in both 
compression and absorption ice machines. Ammonia, as is 
well known, is a gas at atmospheric pressure and all ordinary 
temperatures, but it may be liquefied by compression, the 


* Western Manager, Carbondale Machine Co. 
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pressure required depending upon the amount of condensing 
surface, type of condenser and temperature and amount of 
condensing water available. The liquid, usually known as 


“liquid anhydrous ” (although it is not always anhydrous), 
must then absorb heat before it can again become a gas. 
Fig. 1 shows a section of a modern ice tank of the 
“ flooded ” type. The liquid anhydrous passes from the am- 
monia condensers into the receiver on the left and then enters 
the coils in the tank at the bottom, through a valve known as 
the “expansion valve.” The ice cans are filled with water 


and the surrounding space with brine. The liquid anhydrous 


liquid 
Leve/ 
Indicator 


Circulator 
Frac eway 


> =A Tank and 
Coils 


9 A Mopern Ice TANK OF THE FLOODED Tyre 


in the coils absorbs heat from the brine, which in turn ab- 
sorbs heat from the water in the cans, taking up 142 B. t. u. 
from every pound of water at 32 deg. in order to form ice 
at the same temperature. The resultant gas is removed from 
the coils to be recondensed and it is in this process alone that 
the absorption and compression systems differ. 

While in the compression system the ammonia gas ‘s 
mechanically sucked out of the coils by a compressor, in the 
absorption system, it is sucked out by its strong attraction 
for water, making aqua ammonia. An absorption machine 
involves the use of heat exchanging apparatus comprising 
absorber, generator, ete., as indicated in Fig. 2, which shows 
a typical absorption machine of the double pipe and tubular 
type. Here the expanded gas is to be removed from brine 
cooler coils. The absorber, which is the heart of the system, 
is built like a horizontal tubular boiler, with 2 in. tubes 
through which cooling water passes. Weak aqua, which has 
had a part of its gas driven off, enters the top. On the sue- 
tion stroke of the machine the gas bubbles up through this 
weak aqua, changing it into strong aqua, which is pumped 
into the ammonia boiler or generator, where steam passing 
through coils drives off the gas and produces sufficient pres- 
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sure to condense it. The rectifier is a drier and the ex- 
changer is the feed water heater of the system. The aqua 
pump, which is the only moving part, requires about */1 h.p. 
per ton of ice and ean be driven either by steam or motor. 
The action of the generator in this case takes the place of 
the compression stroke. Instead of having only one eyele as 
in the compression system, there are two, the strong and 
weak aqua cycle being the second. 

Thus the compression machine requires power only while 
the absorption machine requires practically heat only, and 
a highly economical ice plant can be made by a combination 
of the two systems, especially if raw water ice is made as 
in the ease of the electrically driven compression plant. 
With cold condensing water, say under 70 deg., it is possible 
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larger cities, such as Chicago, the privately owned, electri- 
cally-driven ice plant is the proper combination, while in the 
smaller cities, he will find it much more profitable to own the 
ice plant direct. Whether it is more profitable in the larger 
cities from the ice plant manager’s standpoint to purchase 
current at a power cost of 50 cents per ton or over is very 
questionable and will depend largely upon circumstances. 
Some figures from an independent exhaust-steam ice plant 
will be of interest. 

Table 1 gives the coal cost per ton on ice made in such a 
plant with coal at $1.80 per ton. The coal used was of vari- 
ous kinds, although that at $1.80 per ton was Indiana No. 4. 
All ice was made from distilled water. The coal cost per ton 
is only 20 cents. Adding the fireman's wages and interest and 
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Fig. 2 DIAGRAM SHOWING GENERAL ARRANGEMENT OF A TYPICAL ABSORPTION REFRIGERATING MACHINE OF THE TUBULAR TYPE 


to use exhaust steam at 3 lb. pressure in the generator. 
This steam is condensed, furnishing a portion of the distilled 
water required for making ice. About 55 to 60 Ib. of steam 
per hour per ton of ice are required for this purpose. With 
condensing water of 90 to 95 deg. it is not possible to run on 
less than from 20 to 25 lb. exhaust steam pressure, because of 
the high condensing pressures necessary. Such pressures 
would seem prohibitive and yet a plant will be described 
later which is proving very economical under those condi- 
tions. 

The absorption machine is the ideal one for warm water 
conditions when properly designed. Just as it takes very 
little more coal to carry 125 lb. pressure than 100 Ib. (less 
than 1 per cent), it takes comparatively little more steam in 
the generator to produce 200 Ib. pressure than it does 150 lb. 
The inerease in power required for a compression machine, 
however, is very marked. An electrically driven compression 
plant will require from 43 to 70 kw-hr. per ton of ice per 
day, depending upon its size and other conditions. The 
former figure can hardly be called normal. At 1 cent per 
kw-hr. the power costs per ton will usually average between 
50 and 60 cents. Table 2 gives figures showing the operating 
cost of compression machines using various sources of power 
including electricity. This gives 581 kw-hr. as the amount 
of current required for all purposes. 

From the central station manager’s standpoint in the 


TABLE 1 COAL AND ICE RECORDS, MUNCIE ICE & COAL CO. 
MUNCIE, IND. 


Aug. Day No. Pounds Pounds Ave. 
1912 or Kind of Coal 400 lb. Ice Coal Ratio Ave. Fuel 
Date Night} Cakes Made Burned Ratio Cost 


18 Day | Indiana No. 4 152 60800 6860 Bs 1B 
18 | Night at $1.80 perton | 141 56400 6491. 8.7 8.7 
19 Day | 150 60000 6357 9./ 8.93 
19 | Night! 150 | 60000 | 6896 | 8.7 8.88 
20 | Day “ 150 60000 6685 | 9.0 8.9 
20 | Night! “ 150 | 60000 | 6476 8.95 
2 Day . 130 60000 7101 8.4 | 8.87 
21 | Night “ 150 | 60000 | 6689 | 9.0 | 8.89 
| 
22 | Day 25 150 | 60000 | 6975 | 8.6 86 | 
22 | Night “ 150 | 60000 | 6661 | 9.0 | 8.87 
| 
23 | Day “ 150 | 60000 | 6945 8.6 | 8.84 
23 | Night “ 141 | 56400 | 6805 | 8.3 | 8.8 
| | 
24 | Day | “ 160 | 64000 | 6037 | 9.2 | 8.83 
24 | Night “ 154 | 61600 | 6625 | 9.3 | 8.86 
25 | Day “ | 145 | 58000 | 6863 | 8.7 | 8.85 
25 | Night S 150 | 60000 | 6673 | 9.0 | 8.86 
14934 59825 6752 8.86 $0.203 
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depreciation on the boiler plant, the total power cost should 
not exceed 35 cents. 

It is entirely possible, however, in a properly designed 
compression and absorption plant, say of 80 tons capacity, 
with a 20 ton machine of the former type and a 60 ton of 
In this 
ease, there should be two 40 ton tanks, the compression 
machine being used on one-half the eoils of one tank and the 
absorption machine on the others. The exhaust from the 
compression engine and auxiliaries furnishes the 3600 lb. of 
steam per hour required for the generator and the absorption 
machine, making raw water ice with coal at $2.00 per ton, at 
an evaporative efficiency of only 6 to 1; 644 tons are required 
and the fuel cost is 16 cents per ton. Such an 80 ton plant 
could be run on a 125 h.p. boiler and with a second boiler in 
reserve, the cost, including interest and depreciation, ete., 
and labor will hardly be more than 30 cents per ton, if that. 
There will be plenty of distilled water for filling cores, and 
distilled water ice can be made at a slightly increased cost. 


the latter, to make ice at a fuel cost even lower. 


Of course, if a suitable neighbor could be found requiring 
a certain amount of power and heat and having no use for 
the exhaust steam, a straight 80 ton absorption machine 
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could be installed. By using the expansive force of the 4800 
lb. of steam per hour, required by the generator, in an eco- 
nomical unaflow engine, current could be sold, not bought, 
which would further reduce the operating cost. 

To show the possibilities for profit in a properly designed 
combination plant, owned by a central station, reference will 
be made to a plant in a southern city of about 50,000 in- 
habitants, where the conditions are so trying that if a com- 
bination plant can prove profitable there, it would anywhere. 
This plant was installed in 1912, under the direction of 
Sargent & Lundy, consulting engineers of Chicago, and has 
proved satisfactory to all concerned. 

The old company had been in the ice business for a number 
of years, having a 50 ton compression machine with two 
25 ton tanks, each containing 412 - 300 lb. cans. At one end 
of the old building they also had a 2,000 ton storage house 
which had never been insulated or used. In addition they 
owned a second compression ice plant with independent 
steam plant, of 25 tons capacity, located a mile or more away 
and operated as a separate unit from May to September. 
A spray pond was used for cooling condensing water for 


both the condensing engine and the ice machine. The fact 


TABLE 2) COST OF MANUFACTURING RAW-WATER ICE—100 TONS CAPACITY—VARIOUS SOURCES OF POWER 
(From General Electric Review, July 1914) 
Total Fuel or Fuel Tons of Total Cost 
al | 
Motive h.p.- — Power Unit Cost Cost Ice per 1 l 4 Cost per 
Power Using h.p. “i i Per of Fuel per Unit of Oil Am- | Cal- Day Night! Ice l 2 per h. p.of 
Day Day | Fuel (Waste, monia cium Engi- Engi-| Pul- | Extra Fire. Day | Power 
“ Et neer neer lers Man men Plant 
6.38 
2.00 tons $30.80 Tons $59.05 
1 Simple Bitu- 367 =68808 3% lb. 154 tons 2.50 tons 38.50 Ice per 2.00 2.50 0.50 5.00 3.25 8.00 2.00 5.00 66.75 $32.00 
Steam minous i.b.p. 3.00 tons 46.20 Ton of 74.45 
Engine Coal Coal 
Compound Bitu- 2.00 tons 17.90 46.15 
2 Condens- minous 375 8952 2 Ib. 8.95 tons 2.50 tons 22.38 11.15 3.50 2.50 0.50 5.00 3.25 8.00 2.00 5.00 50.63 40.00 
ing Engine Coal i.h.p. 3.00 tons 26.85 55.10 
Producer Bitu- 2.00 tons 10.80 *41 30 
3 Gas minous 3€0 S640 114 Ib. 5.4 tons 2.50 tons 13.50 18.5 3.50 250 0.50) 6.00 4.00 8 00 2 00 4 00 44.00 65.00 
Engine Coal b.h.p. “ 3.00 tons 16 20 46.70 
3.00 tons 12.93 “43. 43 
3.50 tons 15.09 45.59 
4.00 tons 17.24 47.74 
4 Producer Anthra- 360 8640 1 Ib. 4.31 tons 4.50 tons 19.40 23.2 3.50 2.50 0.50 6.00 4.00 8.00 2.60 4.00 49.90 65.00 
Gas cite b.b.p. 5.00 tons 21.55 52.05 
Engine Coal 5.50 tons 23.71 54.21 
6.00 tons 25 86 56.36 
a Producer 2.00 tons 15.12 45.62 ¥ 
5 Gas Lignite 360 §=68640 134 Ib. 7.56 tons | 2.50 tons | 18.90 13.2 3.50 2.50 0.50 | 6.00 4.00 8.00 2.00 4.00 49.20 65.00 
Engine b.h.p. | 3.00 tons | 22.68 53.18 
864 cu. 
| 0.20perM) 17.28 ft. gas 43.78 
6 Gas Engine Natural 360 8640 10 | 86400 | 0.25per 21.60 req'd per 3.50 2.50 0.50 | 6.00 | 400 8.00 2.00 48.10 35.00 
Gas 1050 b.h.p. cu. ft. cu. ft. | 0.30 perM) 25.92) Ton of 52.42 
B.t.u. 0.35 per M| 30.24 Ice pro- | 56.74 
Value duced | 
0.02% 16.20) .155 | | 46.70 
7 Oil Engine Fuel Oil | 360 | 8640 | 0.075 648 gal. | 0.03 gal. 19.44 Tons Ice 3.50 2.50 0.50! 6.00 | 4.00 8.00 2.00 4.00 49.94 40.00 
| b.b.p gal. | 0.03% gal.) 22.68 per Gal. | | 53.18 to 
0.04 gal. | 25.92) of Oil 56.42) 60.00 
0.0044 29.27) 58.54 47.51 
| 0.0084 kw.| 36.48) kw-hr. 59.63 
8 Motor Elec- 327 7848 | 0.746; 5854 | 0.0034 kw.) 43.90 req'd per 2.00 | 2.50 0.50 | 5.00 | 3.25 | 8.00 | 2.00 7.15, 16.00 
| tricity | on kw kw. | 0.007¢ kw.) 51.23) Ton of | | 74.48 
| | wire | 0.01 kw. | 58.54 Ice pro- | | 781.79 


Water estimated at 70 deg. fahr. Suction pressure 15 Ib. 
Condenser pressure 185 Ib. Ammonia used as refrigerant. 
Above costs do not include interest on in- 
vestment, depreciation, taxes, insurance, 
management or any other fixed charges. 


Power is based on summer conditions. Less power 
will be required if yearly average is figured on. 


Power included for pumping water with 60 foot head. 


* Minimum. 
t Maximum. 


Oil engine fuel requirements based on engines of Diese | 
type. 
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that the temperature of this water reached 95 deg. and some- 
times over, had greatly reduced the output of the 50 ton 
In fact, 
hardly more than 38 to 40 tons of ice had been made daily on 
the two tanks previously mentioned, and the operating cost 
was considerably over $2.00 per ton. 


plant as well as increased the cost of manufacture. 


It is only fair to say, 
however, that as the new owners contemplated a change, the 
plant was not in as good condition as it should have been, 

It was decided to increase the output to 100 tons and the 
original plans contemplated the addition of 50 tons more 
tank eapacity and either electrically driven compression ma- 
ehines at the old plant, or compound condensing machines 
of 100 tons capacity at the new. The engineers, however, 
wisely decided to insulate the ice storage house which would 
give 40 tons extra capacity daily for fifty days, during the 


Fic. 3. Exterior or Power PLANT SHOWING LOCATION OF 
ATMOSPHERIC APPARATUS ON THE RooF 


ICE-MAKING BY CENTRAL STATIONS, H. COCHRAN 


THe JOURNAL 
Am.Soc. M.E. 


summer peak, and they put in an exhaust steam Carbondale 
machine of the atmospherie type, guaranteed to make 60 
tons of ice on the two tanks and cool the storage house. 
The old 25 ton plant was abandoned and sold. The con- 
densers, absorbers, weak liquor coolers and_ reetifiers are 
In this 
connection, it may be of interest to know that this exhaust 


loeated on the boiler house roof of the new plant. 
] 


steam machine was added without increasing the size of the 
power plant building, while same would have had to be ex- 
tended at a cost of $12,000.00 if a compound condensing 
compression machine had been selected. Preliminary esti- 
mates showed that ice could be made in this plant at an 
vuperating cost not exceeding 45 cents per ton. 


Fig. 4 is an interior view of the turbine room in the new 
power house, showing one of the two 2500 kw. turbines 


In the foreground is a 
75 h.p. Terry turbine direct connected to a centrifugal water 


which, of course, is run condensing. 


OF THE TURBINE Room SHOWING AMMONI \ 
GENERATOR ON GALLERY 


Fic. 4 INTERIOR 


TABLE 3 ICE PRODUCED AND SOLD BY A COMPANY IN A SOUTHERN CITY DURING THE PAST SEVEN YEARS 


Tons Manufactured 


Tons Sold 


1907 1908 1909 1910 1911 1912 1913 
124 292 160 289 110 1497 
ee 158 263 wi 211 330 162 1437 
March. 1170 681 121 464 393 261 1215 
1604 778 1052 612 498 246 1236 
1177 1248 1513 799 1106 1959 
1277 1991 1393 1051 1859 2012 
ee ere 2219 1995 432 1117 1747 ai 2134 
2110 1901 1114 1873 1389 1333 2178 
September......... 1728 1666 400 1073 1238 1836 1773 
| eee ee 699 776 112 902 977 1462 1452 
November......... re 568 567 353 382 1068 814 
December.......... 8&3 755 291 301 320 1250 801 
12349 12814 6997 8856 10528 7728 18508 
Per Cent Increase.. . 3.7 26 19 139 
Per Cent Decrease. . ne ¥ 45 26 


1914 1907 1908 1909 1910 1911 1912 1913 1914 
728 431 280 341 228 301 126 1256 714 
1148 251 248 321 182 308 13% 943 518 
2293 592 548 406 423 346 22% 99: 707 
2209 527 700 609 532 486 530 1170 966 
1876 1119 1167 921 823 1363 971 1743 1603 
1977 1291 1797 1290 1199 1721 1223 2014 2964 
2125 2212 2011 381 1260 1748 1603 2682 2137 
2156 1976 2031 1541 1691 1800 1529 2565 3229 
2035 1634 1797 552 936 1522 1625 2027 2570 
2173 $43 980 218 849 948 1107 1401 1698 
1845 454 564 524 408 327 825 725 1271 
1462 347 458 282 263 276 774 773 777 
22027 11707. 12581 7386 8794 11145 10672 18290 19154 
3519 874 as 1408 2351 ‘ 7618 864 
19 7.4 19 26 71 4 
41 4 


* Enlargement of ice storage necessitated purchase of abnormal amount of ice in order that the house would be filled before the summer season. 
** Plant No. 1 broken down and tank room being overhauled. Plant No. 2 was inoperative necessitating purchasing practically entire supply. 
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circulating pump, which was designed to run to its capacity 
with 200 Ib. steam pressure and 25 Ib. back pressure; under 
these conditions, it was guaranteed to use 70 lb. of steam 
per h.p.-hour, just 20 lb. more than if it had exhausted at 
atmospheric pressure into the feed water heater. This is 
somewhat more steam than the generator requires, and the 
excess is used in the heater. 

Fig. 5 is a near view of the ammonia generator, showing 
the aqua pumps beneath and the aqua receiver at one side. 
One of these small pumps ts capable of making 75 tons of 
ice, is automatically controlled and requires little attention. 
In fact, outside that of pulling and storing the ice, the labor 
cost in the plant is practically eliminated. The exchangers 
of the vertical shell type are on the other side of the wall, 
back of the boilers. All the rest of the machine is on the 
boiler house roof, 

Fig. 6 shows this atmospheric apparatus. There are 28 
combined condenser and absorber stands of whieh the upper 


NEAR VIEW OF THE AMMONIA GENERATOR SHOWING AQUA 
Pumps UNDERNEATH 


ten pipes are condensers and the lower twelve absorbers. 
The rectifiers and weak liquor coolers can be seen in the rear. 
The weak liquor enters the mixer through a jet helping to 
pull in the gas. During the winter one-half of these stands 
will make capacity and only 55 lb. pressure is required on 
the generator, materially reducing the steam consumption. 

Table 3 shows the ice produced and sold for the past seven 
years by this company, the new machinery having been 
started August 10, 1912. In this connection, it should be 
remembered that up to 1912 the figures inelude the output 
of the 25 ton independent plant. 

In January 1914 the roof of the storage house was raised 
so that ice can be piled 60 ft. high, increasing the capacity to 
5,000 tons. 
plant averaged 70 tons of ice during the hot summer months 
and 60 tons for 365 days. The credit of this is due, not only 
to the machine, but to the fact of unusually eapable man- 
agement. 

Table 4 shows the output and operating cost for 1914. 
Even with 95 deg. water and a tank 500 ft. away from the 
machine the entire average operating cost for the year is less 
than the power cost alone in the privately owned electrically- 


In spite of this extra refrigerating load, the 
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driven compression plant. Table 5 shows the detail of the 
41 cents per ton operating cost. 

As a rule, it is better to figure on obtaining steam for the 
generator from one or more of the auxiliaries as in this case. 
If at times the supply is insufficient, live steam can be ad- 
mitted through a pressure reducing valve, but it doesn’t pay 
to put back pressure on a large engine for a small ice plant. 

With well water, it is entirely possible to operate the 
generator on from }». to 3 lb. pressure. While it is perhaps 
advisable to use the eshaust from the auxiliaries in condens- 
ing plants in all cases, it is entirely possible to bleed sutli- 
cient steam from an intermediate a condensing 
full 


271 in. vacuum, used 14.85 Ib. of steam per kw.-lir. 


stage ol 
with 
When 
the turbine was operated under the same conditions, except 


turbine. A 2500 kw. turbine, running at load 


that 5000 Ib. of steam was extracted per hour, at from 2 to 
This 
3675 Ib. per hour and, as this 5000 |b. of steam so extracted 


5 lb. pressure, 16.32 lb. was used. is an increase ot 


will make 85 tons of ice, the extra steam would amount to 


VIEW OF THE ATMOSPHERIC ARRANGEMENT OF CONDENSER 
AND ABSORBER STANDS 


Fic. 6 


This is over twice the extra 
If the above 
engine is operated at half load, and 5000 |b. of steam per 


This will be 2437 Ib. 


13 lb. per ton of ice per hour. 
steam required from the plant just described. 


hour is extracted, 16.8 lb. will be used. 


TABLE 4 PRODUCTION DATA FOR CALENDAR YEAR 1914 
Month Tons Mfg Cost per Ton Mfr. 
January...... 728 $.35 
February 1148 33 
March 2203 27 
April... 2209 33 
June... ; 1977 42 
July 2125 45 
August. & 2156 42 
September........ 2035 42 
October 2173 451 
November.. 1845 461 
December........ 1462 4792 
22027 $ 4062 
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° It is, 
therefore, more economical to bleed sucha condensing tur- 
bine at half rather than full load, but in neither case as eco- 
nomical as where exhaust is taken from non-condensing 
auxiliaries. 

If the turbine had been running at full capacity condens- 
ing and the current used for driving an electrically-driven 
compression machine, about the same amount of extra steam 
would be taken from the boilers to make 85 tons of ice as 
would be required for an absorption machine of this capacity 
bleeding steam from the turbine. However, in the first case, 
the output of the turbine would be decreased by the amount 
of current used, while in the latter its entire capacity would 
be available for commercial purposes. 

In conclusion, it may be said that central station man- 
agers, owning their own ice plants, where properly designed, 
are finding such plants far more profitable than the lighting 
plant itself. In fact, in some of the smaller cities, where the 
light plant was operated alone at a loss, the combination has 
turned the same into a source of profit. In many small 
towns the water and light plants are combined, in which 
eases the water is first used for the ice machine and after- 
wards turned into the city mains. There can be no question 
about the future of the properly designed combination plant. 


of steam extra or 281% lb. per ton of ice per hour. 


TABLE 5 ICE STATEMENT FOR CALENDAR YEAR 1914 


Year Ending Per Ton 
12-31-14 Made 

Supplies and expenses............... 315.86 01 
Salt and ammonia................. 424.91 
Maintenance buildings.............. 239.07 
Maintenance equipment............ 521.25 

Total production............. $8947 .80 41 
DISCUSSION 


Kk. W. Luoyn’ in diseussing this paper said that three or 
four years ago when it became necessary for the central sta- 
tions in Chicago to secure additional power loads in order to 
meet a new rate schedule, the refrigerating business pre- 
sented itself as the most promising. Experience has justified 
this promise and in the past three years the number of plants 
thus operated has been increased from one to eighteen, and 
at present a third of a million tons of ice, or ten per cent of 
the city’s total requirements, is being made with central 
station power. The chief interest is in raw water ice plants 
which are the best where the public water supply is 
pure. The annual load factor is about 45 per cent, though 
in exceptional cases it may rise to 65 per cent. The kilowatt 
hours per ton is quite variable, depending somewhat on the 
size of the cans. Experiments are now being made to deter- 
mine the best ratio. We sell power for ice making at one 
cent per kw.-hr., which is feasible on account of the low 
increment cost of taking on the business of this class. 


‘Commonwealth Edison Co., Chicago. 
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SOME ENGINEERING PROBLEMS ARIS- 
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OF NATURAL GAS 
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NX ATURAL gas occurs in certain portions of certain 
a strata of the earth’s surface in areas of comparatively 
limited extent. It is used as fuel, for the most part, in cen- 
ters of population and industrial activity. The fields where 
the gas is found usually happen to be at considerable dis- 
tances from the points of consumption, making it necessary 
to lay pipe lines for transporting the gas. 
building and operation of these transportation systems give 


The designing, 


rise to many problems of an engineering nature. 

In the earlier stages of the industry, the greatest difficulty 
was experienced in constructing a pipe line sufficiently good 
and cheap to make the commercial transportation of gas 
As better pipe line, pipe 
couplings, compressing equipment and measuring equip- 


feasible tor any great distances. 


ment have been developed, it has been made possible to 
transport gas successfully over greater and greater distances. 
The limits in improvement in equipment and in knowledge 
of conditions have not yet been reached by any means, so 
that the present distances of transportation are in no way 
final. 

In the beginnings of the industry no supply of suitable 
pipe was available, and the joints between sections were so 
imperfect and prone to leak that it was found commercially 
impracticable to transport gas through a pipe for more 
than a very few miles. Various types of pipe lines were 
tried. Some lines were laid with cast iron pipe, with bell 
and spigot joints calked with lead. 
good for moderate pressure, but were very expensive to lay. 
Their high cost and the proportionately low pressures per- 
missible made them unsuitable for any great length. 

Lines of steel or wrought iron pipe with screw joints were 
the first used to any large extent. In some of the earlier 
lines, the joints were made with a straight thread; but it was 
very soon found that the taper thread was greatly superior, 
both in strength and tightness. Some very extensive trans- 
portation systems were laid with pipe joined in this way, 
but a number of serious difficulties arose, the greatest of 
which was that of making a line reasonably free from leak- 
age. This leakage became greater with increase in length 
of line, and also with inerease in pressures carried, and put 
a commercial limit on the distance that it was profitable to 
transport gas. 

When it was necessary to increase the carrying capacity 
of a line, pipe of larger diameter was laid without attempt- 
ing to materially increase the pressure carried. This led, in 
some instances, to lines of enormous diameter. One line 
was laid into Pittsburgh 36 in. in diameter, of steel riveted 
pipe joined by flanges throughout its length. Such con- 
struction was exceedingly costly; and, when it is remem- 
bered that the field to which a line was laid might not last 
more than a few years, it is seen that a better arrangement 


These lines were fairly 
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of pipe line was very badly needed. It was not found prac- 
ticable to make threaded joints in pipe larger than 12 or 14 
in. in diameter, and even in pipe of this size it was found to 
be diilicult to make tight joints. 

Several different types of wrought iron pipe joints made 
by calking with lead were tried. Lines laid with such joints 
were tight at first, but any motion of the pipe from settling 
of the soil or temperature changes was found to make them 
leak badly. 

Temperature changes were also found to be a destructive 
element in a line of pipe connected by threaded joints. 
laid in the summer often pulled apart in the winter. 


Lines 
Where 
such joints are now used, the lines are laid in cold weather 
if possible. 

To meet these difliculties a new type of coupling was 
developed, consisting of a center piece, which slipped over 
the ends of the two lengths of pipe to be joined, two glands 
or end rings, two rubber packers, and connecting bolts be- 
tween the two end rings, the whole forming a double stuff- 
ing box arrangement. This coupling proved to possess 
many advantages over any form of joint previously used, 
and with it lines that were very nearly free from leaks, if 
suflicient care was taken in their construction, were found 
possible. Lines could also be made of lighter pipe and still 
carry the same or higher pressures than was possible with 
the threaded joint. This improvement has greatly increased 
the distance it is possible to transport gas profitably; and, 
although the joint has many grave weaknesses, it is the best 
available at the present time. 

Recently there have been some short lines laid in which 
the pipe was welded together end to end. This practice is 
too new to prove its suecess, but it seems to promise the so- 
lution of difficulties due to teakage and deterioration of the 
rubber-packed joints now commonly used. Like pipe joined 

by screw joints, the line will be subjected to heavy strains 

due to temperature changes, and it is likely that special pro- 

Visions in expansion joints will have to be made for this 
_ condition. 

In the early days, the natural pressure of the gas as it 
occurred in the fields was the source of power used for its 
transportation. As the fields neared exhaustion, or when the 

distances from the fields to the points of consumption were 
too large, the pressure fell too low, and it became necessary 
to increase it artificially by means of compressors of one 
type or another. In many of the earlier plants attempts 
were made to locate these compressors in the towns and draw 
As could have been 
easily predicted theoretically, these attempts failed, and it 
became the practice to locate the stations in or near the 
fields. At the present time practically every gas transporta- 
tion company has to keep up a system of compressing sta- 
tions in order to properly maintain and control the amount 
of gas passing through its lines. 


the gas through the lines by suction. 


Most of the larger natural gas systems of the country 
have been the result of a process of evolution in which lines 
were extended farther and farther to reach one field after 
another, and in which one compressing station after another 
has been built, usually for the purpose of putting gas from 
a declining local field into the main trunk line. Another 
factor in this evolution has been the necessity of small com- 
panies combining in order to be able to go to greater dis- 
tances for a common additional supply when the old sources 


of supply were exhausted. As conditions have changed, 
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some of the equipment becomes useless in its present location, 
and sometimes it is possible to so alter lines as to utilize old 
equipment for a new purpose. 

The Cushing field is one of the main sources of sup- 
ply in the When first 
oped this promised to be a long-lived source of supply. 


mid-continental region. devel- 
At that time, however, the gas was found mostly in the 
Wheeler Sand, at a depth of about 1500 ft., and some oil was 
found with it. The presence of oil in a field is always some- 
what of a menace to the life of the field as a gas supply. 
This is largely because it is cheaper and easier to produce 
When oil 


wells are so situated as not to be convenient to a gas line, 


the oil and allow the gas to waste to atmosphere. 


the gas is not marketable, and is considered as a by-product 
of small value by the oil man. In a great many instances 
oil can be produced without pumping by simply allowing the 
gas pressure to blow it out. 

In the Cushing field, oil and gas were discovered in a 
deeper sand several months after the taking of gas from the 
field had 
development of the deeper sand for oil, and enormous quan- 
Not only this, 
but in a great many instances the wells were so carelessly 


been begun. This caused an exceedingly active 


tities of gas were allowed to waste to the air. 


cased and packed that the higher pressure gas in the deep 
sand followed up around the casing to the lower pressure 
strata above, where it was dissipated and was no longer 
available for commercial purposes. By proper means, it is 
possible to drill the oil wells and produce the oil with 
searcely any waste of gas, but it costs more. 

It is estimated that the gas escaping from the Cushing 
field is about 400,000,000 cu. ft. per day, or about 11,000 
tons per day. This would be equivalent in fuel value to a 
train load of coal of 300 to 400 ears of average capac- 
ity. Of the gas in this field, only about 10 per cent ever gets 
into a pipe line or is used as fuel. The problem here is 
mostly one of proper government and control, so far as the 
community at large is concerned, and financial, so far as the 
transportation company is concerned. 

As the gas in the Cushing field comes from the well, it is 
very tar from pure or a perfect gas. It is composed largely 
of methane, with considerable quantities of the heavier hydro- 
carbons, ranging from ethane through the C,H,,+4, series, 
including those which at ordinary atmosphere conditions are 
vapors and are considered as part of the gas proper, down 
to heavy oils, and often salt water. The liquids are held in 
suspension as a fog or mist, or run along the bottom of the 
pipe and collect in low places. Between these extremes are 
all those compounds usually known as gasoline or flashy 
gasoline. Dirt, sand, ete., are also often present. 

The first problem in the transportation of this gas was 
to separate dust and dirt, and such liquids as water, oil. or 
gasoline. For this purpose drips or separators were pro- 
vided in the lines from the wells to the main trunk line. 
These drips vary widely in design, but are all intended to 
catch and store the water and oil until the patrol man can 
blow the line out to the atmosphere. The simplest drip is a 
Tee with the opening down, and one or two joints of pipe 
connected on as storage for the liquid that accumulates. 
This serves fairly well for any liquid not held in suspen- 
sion in the gas, but, of course, does nothing towards remov- 
ing the suspended liquid. A great many attempts have been 
made to remove this suspended liquid, usually by a sep- 


arator working on the centrifugal principle; but it is a very 
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difficult matter, indeed, to remove the last traces of liquid in 
this way, and, so far, efforts in this direction have only been 
partially successful. A new type of drip has recently been 
developed in California, but it has not as yet been fully 
tried out. 

Any liquid not taken out by the field drips tends to col- 
lect in low sections of the line, and drips should be provided 
at all these low points. If pockets of liquid oecur in the line, 
they cause the flow of gas to be pulsating instead of steady. 
This pulsating is difficult to overcome entirely, and is one 
of the chief sources of trouble in the operation of measur- 
ing stations. 

Gasoline and oil are the main cause of rapid deterioration 
in the joints in the pipe lines, which are usually packed by 
rubber or composition rings. The oil and gasoline attack 
the rubber rings quite actively, and sooner or later cause 
leaks and blow-outs, especially as the pressure carried in the 
line is from 200 to 400 lb. per sq. in. Several substitutes 
for rubber are being used and seem to be more resistant; 
but the only way to eliminate trouble from this cause is to 
keep gasoline and oil out of the line. 
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Fic. 1 Curve InpicaTiInG RELATION oF Distance BETWEEN 
COMPRESSING STATIONS TO PowEeR REQUIRED 


Gas entering the main trunk lines is often measured by ori- 
fice meters, and many points come up in connection with the 
practical use of these. In order to compute the amount of 
gas passing an orifice meter at any instant, it is necessary 
to know: first, the temperature of the gas; second, its grav- 
ity; third, the size and coefficient of orifice; fourth, the abso- 
lute pressure of the gas passing the orifice, and, fifth, the 
differential or drop of pressure in the gas in passing through 
the orifice. 

The temperature is quite constant at any given time of 
year, and a mean temperature for the year is usually the 
contract basis on which gas passing a measuring station is 
computed and purchased. 

The gravity of the gas is quite variable, even for gas com- 
ing from a given field; and when it is considered that gas 
passing a measuring station may come, in varying propor- 
tions, from several fields, the importance of making fre- 
quent determinations of the gravity of the gas passing a sta- 
tion to ensure accurate metering is evident. The gravity of 
gas varies in practice from 0.59 to 0.72, taking air as unity. 
It is determined by comparing the time for a given quantity 
of gas to flow through a small orifice with the time required 
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for the same volume of air to pass the same orifice with 


the same head causing flow, and computing from the 
formula G = { — 

teir 


So far as the writer is aware, nearly all gas companies, 
as well as companies manufacturing orifice meters, have 
been inclined to assume this gravity factor constant at 0.60 
or 0.64. 
putations of line flow, or of Pitot tube measurements, cor- 


In all orifice meter measurements, as well as com- 


rections should be introduced for the gravity of the gas. In 
most of these computations the quantity will vary inversely 
as the square root of the gravity. 

An idea of some of the problems incident to a compressing 
station may be obtained by a consideration of a typical com- 
pressing station of approximately 3000 h.p., which is capable 
of compressing about 40,000,000 eu. ft. of gas per 24 hours 
through 3 compressions and delivering it at 350 Ib. gauge 
pressure. Up to this station the gas is transported by the 
natural field pressure. The prime function of the station is 
to re-compress the gas, which has dropped to a pressure too 
low for economical transportation, to a pressure high enough 
to deliver the requisite quantity through the remainder of the 
line to the points of consumption. 

One of the chief problems is that of the condensation of 
gasoline in the line beyond the station. As the gas leaves 
the field, its pressure has been diminishing and its capacity 
for carrying gasoline as a vapor increasing. There is, there- 
fore, little danger of deposit of gasoline in the line between 
In this 40 miles of 
line practically all liquid has been removed by the drips 
along the line. 


the field and the compressing station. 


At the compressing station the pressure of the gas is 
raised to 300 lb. per sq. in. or higher, and its temperature 
raised to from 210 to 240 deg. falir. 
gas is passed through a cooler consisting of a large number 


After compression, the 
of pipes in an.open pond of water. Only occasionally is the 
temperature in the cooler low enough to condense out any 
great proportion of the vapors condensable at this pressure 
and line temperature. A separator is provided at the out- 
let of the cooler, but it can only take out vapors already 
condensed. It is, therefore, apparent that there is a possi- 
bility of further condensation of gasoline in the pipe line 
beyond the compressor station. This is exactly what occurs, 
and it causes a heavy depreciation in this part of the line. 
In one ease, gasoline taken from a drip beyond this station 
was used in an automobile, and it was found that the ex- 
haust smelled very strongly of burnt rubber. This would not 
ordinarily matter were it not for the fact that this same 
rubber has been dissolved out of the pipe joints, where it is 
very greatly needed. 

From a theoretical standpoint it is entirely possible, by 
well-known processes, to condense and separate this gasoline 
before it enters the line. When it is considered, however, 
that there are 800 or 900 tons of gas passing this station per 
day, and that the gasoline content is very small, it is seen 
that the equipment necessary would involve a considerable 
investment, and the problem becomes a commercial one of 
whether or not the necessary equipment can be installed with 
an investment small enough to be profitable. This last prob- 
lem will be special for each particular case, and is one which 
in most instances has not yet been solved. 
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Continuous accurate measuring of all gas into and out 
of the whole system is one of the perpetual problems of oper- 
ation of any transportation company. In order to safe- 
guard against loss due to the failure of any of the measur- 
ing apparatus, it is necessary to check up in all possible ways 
the quantities of gas passing meters. In some cases this ean 
be done by line flow formulae, and in some by the displace- 
It is found necessary and 


The 


P? where 


ment of compressing stations. 
advisable to use both these methods wherever possible. 
-K\/P}- 
Q is the quantity of gas, and K is a constant depending on 


pipe line formula used is of the form @ 


the length and diameter of the pipe line and the gravity and 
The formula for flow of gas through 
an orifice meter is of the form Q@ = K'VhP where K° is the 


temperature of the gas. 
constant of the orifiee meter. In checking a meter by line 
flow formulae, the quantity involved is the same; therefore, 
by equating the two expressions and reducing, the expres 


P? 


“is derived. The ratio of the squares 


of the constants for any line and meter ean be evaluated and 


is a constant. To eheck the meter against the line flow 


formula, it is then simply necessary to evaluate the ex- 
P} P} 
——and compare it with the constant derived 

AP 


This check is so simple that meter station opera- 


pression 


as above. 
tors can easily make it and report the meter out of order, 
if the value figured is found greatly different from the con- 
stant. 

It is well to point out here that if observed pressures 
are correct, the pipe line formula can never show an amount 
of gas passed less than the actual, but is apt to show a 
greater amount, due to excessive pressure drop from leakage 
or an obstruction in the line. The displacement of a com- 
pressor station gives a basis for comparison with the quan- 
tity of gas as shown by a measuring station which may 
If the amount 
of gas measured would involve a volumetric efliciency of the 


show up defects in the operation of either. 


compressors greater than 90 per cent, it is a very safe guess 
that the measuring station instruments are over-measuring 
the gas. 

One very important function of a natural gas line is the 
equalization of the rate of production. The demand for gas 
in a city varies greatly from hour to hour of the day, being 
several times as great in the daytime as at night, and also 
It would be 
a difficult matter to vary the output of a compressing sta- 
tion or a field at a distance from a town to meet the widely 
varying demand, if it were not for the equalizing effect of 
the transmission line. When the supply is greater than the 
demand, the gas is being stored in the line, and is available 
when the demand suddenly becomes much greater than the 
rate of supply. Often this equalizing effect will enable gas 
to be taken into the line at a uniform rate from the field for 
days at a time, while the demand at the other end of the line 
is fluctuating widely. The adjustment of supply to demand 
over the whole of a large system is an art in itself. It de- 
mands that all production shall be regulated from a central 


varies greatly with atmospheric temperature. 
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point by a dispatcher, who is in constant communication 
with all points of demand throughout the system. 

Finally, regarding the problem of transporting gas by 
means of pipe lines and compressing stations, our gas fields 
are not only stores of latent energy in the form of fuel, but 
also stores of latent energy directly available as power in 
the highly compressed state of the gas. At present the pres- 
sure energy is used qnite wastefully in the transportation of 
the gas itself. 
gas to drop to a third or a fourth of its initial value before 


If, instead of allowing the pressure of the 


re-compressing it, the pressure could be maintained at a 
high point, a great reduction in the total power required 
to transport the gas could be made. This would point to 
smaller compressing stations located at shorter intervals along 
the line. These stations would require less total power than 
stations at greater intervals performing the same service, 
and they could be simplified greatly by the omission of the 
after-cooler, as the smaller range of compression would not 
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Fic. 2. Curves SHowinc Power Reeuirep FoR TRANSPORTING 


Gas AT DIFFERENT PRESSURES AND VELOCITIES 


raise the temperature of the gas to an objectionable point. 
The curve, Fig. 1, shows the economy in power possible by 
more frequent stations operating through a smaller pressure 
range. 

The curve in Fig. 2 has been prepared to show the rela- 
tion between the amount of power required to transport 
different quantities of gas, the pressure at which the gas is 
transported and its linear velocity. In this case, the power 
is assumed to be applied at such frequent intervals along 
the line that the drop in pressure between the points of ap- 
plication of the power is only 5 per cent of the initial pres- 
sure. In other words, the pressure is maintained neariy 
constant, and the power applied represents the friction loss 
in the line at the pressure shown. It is seen that both the 
power required and the amount of gas vary directly with 
the linear velocity of the gas in the line. Also, that the 
power required to transport a given quantity of gas de- 
creases very rapidly as the pressure at which it is transported 
increases, showing that there would be great economies pos- 
sible if we could make our lines more perfect, so that higher 
pressures could be carried safely and without excessive leak- 
age. 
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NE of the great metallurgical problems of the day has 

been to produce a non-corrosive surface on iron and 
steel, the indispensable but vulnerable materials of engineer- 
ing construction, without affecting the physical properties of 
these metals or the shape or usefulness of the object treated. 
This has been attempted by chemical, electro-chemical, and 
mechanical methods. ‘Tinning, galvanizing and sherardizing 
are the ordinary wet and dry chemical methods of applying 
a protective metal coating directly to a considerable volume 
of engineered and manufactured product but these processes 
are narrowly limited in the variety of their applications. In 
the other chemical processes the iron and steel surfaces have 
been deliberately attacked by chemicals to form from them 
stable, adherent compounds as a protective overlay which 
preserves the remainder of the object from corrosion. This 
is the general method of what are known as the “ rust-proof- 
ing ” processes. 

Plating, the electro-chemical method, furnishes a continu- 
ous thin metallic web around iron or steel objects submitted 
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Fic. 1 Derams or Apparatus Usep FoR THE Earty Liquip 
METAL SPRAYING PROCESS 


to it, provided the shape and size of the article are suitable. 
It is necessarily limited to small objects. The adhesion of 
the plated coating is slight and its continuity is essential for 
service. The tinned or galvanized coating adheres, due to 
chemical affinity for clean iron, but its irregularity gives 
much trouble. The dry zine galvanizing, known as sherard- 
izing, gives a better result but is limited to the application of 
one metal under heat conditions, which confine it largely to 
black work and to objects the distortion of which is of no 
consequence. 

None of the processes which have been briefly mentioned 
meet the general needs of the arts in a satisfactory way as 
they involve the exposure of engineered and manufactured 
products to injurious action from moisture, chemicals or 
heat. They admit of depositing only on metallic or metal- 
lized surfaces and they can apply but one or two metals out 
of the whole range of such elements and their alloys. They 
must ordinarily be applied to every part of the object and 
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METAL SPRAY PROCESSES IN ENGINEERING AND ART 


BY JOHN CALDER, BOSTON, MASS. 


Member of the Society 


the deposits are not easy to control in the matter of loca- 
tion, quality and thickness. The permanence of the result- 
ing adhesion is not assured and many of the coatings 
rapidly deteriorate. 

There are demands in the arts for a method which will 
take the process to the work to be coated or to any part 
ot it, and will secure the quick deposition on any coherent 
object, whether metallic or not, of any desired metal or 
alloy in any quantity, however minute. Inventors have 
labored over the problem for many years but commercial 
results have not been developed until recently because of 
the lack of economy in the earlier forms of apparatus, 
and even yet, the whole range of metals is not available. 
Effective pulverization of the very hardest metals. still 
presents economic difficulties but lead, tin, zinc, aluminum, 
copper, nickel and their alloys can now be sprayed easily 
and these metals cover very well the practical range of pro- 
tective coatings. 

The overlaying of iron and steel for temporary effect 
with non-metallic substances such as paints, enamel, japan, 
and varnish has been the mechanical method necessarily fol- 
lowed hitherto for the great bulk of metal objects and strue- 
tures and the renewal and maintenance of such protections 
involve enormous outlays. It is the object of this paper to 
describe the latest mechanical process, the Schoop process, 
for depositing electro-positive metals on iron and _ steel. 
Incidentally, the method permits the depositing of many 
other metals and alloys on coherent bodies whether metal- 
lic or not. 

The process takes its name from M. U. Schoop, an en- 
gineer, of Zurich, who, in collaboration with other inventors, 
made the metal spray an effective coating agent. In the 
Schoop process, for which the United States patents have 
just been issued, the coating metal adheres to the object 
chiefly by mechanical union. The metal is discharged in 
hot impalpable particles moving with high velocity and 
these when directed upon a prepared object penetrate the 
pores of the latter while the spray is still plastic. The 
coating metal thus dovetails itself into the superficial pores 
of the object and does so in the presence of reducing gas 
which prevents oxidation at the junction of the metals. 

The progress of invention on metal spraying has been 
chiefly directed toward making the metallie particles as 
small and as hot as possible, thereby avoiding oxidation, 
and reducing the pressure of air used and the cost of the 
gases employed. In 1902, Thurston was granted a patent 
(United States No. 706-701) for impacting, with unignited 
gas, metal in the form of dust upon a metallic base. His 
apparatus was not practical and no commercial results were 
obtained. 

Within the past year, four United States patents have been 
issued which embrace all the important steps since Thur- 
ston’s invention. Schoop invented (U. 8S. No. 1,128,058) a 
process for producing a fine spray from either molten or 
solid metal and also for producing separable metallic coat- 
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ings or copies of the objects sprayed upon; this was known 
as the liquid metal spraying process. He later invented 
(U.S. No. 1,128,059) a process for projecting finely divided 
unmolten metal particles on to a surface, using an ignited 
gas and metal in the form of dust like Thurston; this was 
known as the metal dust spraying process. 

Very soon afterwards Morf invented (U. S. No. 1,128,175) 
a process tor melting, atomizing and projecting, practically 
simultaneously, solid metal and particularly metal in the form 
of wire; this was known as the metal wire spraying process. 
At the same time he also invented (U. 8S. No. 1,100,602) a 
successful apparatus (known as a “ pistol”) for effecting 
this process. These inventions above outlined form the basis 


Fic. 2. Porras_e FOR THE Dust Sprayinea 


Process 


of the Schoop metal spray process as it is now operated in 
the United States. 

The evolution of the apparatus has been interesting. The 
liquid metal process involved a large non-portable reservoir 
of hot metal weighing with the auxiliary parts over a ton; 
the metal dust apparatus weighed over a hundred pounds, 
while the “ pistol” of today weighs less than four pounds. 
Figs. 1, 2 and 3 show the three forms through which the ap- 
paratus has passed. 

In the apparatus represented by Fig. 1, a molten metal is 
allowed to run continuously from the reservoir R through a 
broad nozzle NV, where it is broken up and swept away by a 
violent current of heated gas G, issuing under regulated pres- 
sure from containers C and reheated in its passage at H. 
The expansion of the gas chills the molten particles and 
forms a rapidly moving spray or fog of metal which impacts 
upon any object placed in its path and plates it. 

Any metal fusible under the conditions of the apparatus 
ean be used and owing to the low temperature of the fog, it 
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is possible to plate very delicate and easily combustible ob- 
jects, as well as metal articles. Aluminum plating, which 
could not be obtained by fusion or electrolysis on account 
of its ready oxidation, was easily obtained by this Sehoop 
process. 

The obvious objections to such an apparatus were lack of 
portability and the expense of melting and keeping fluid 
most of the metals in the unavoidable intervals of spraying. 
The result was that only the more fusible metals, lead and 
tin, were used where spraying on a continuous seale was pos- 
sible and the liquid metal apparatus was never reduced to 
economical practice. It was observed with this apparatus, 
however, that the particles were not actually molten at the 
moment of impact and this suggested the next step. 

Fig. 2 represents the second form of apparatus in which 
portability was secured and the metal particles to be sprayed 
were prepared in advance. Powdered metals in a very fine 


state of division have many of the characteristics of a 


liquid. Their fine particles mix with one another like drops, 


Fic. Earty Form or tHe Metat Sprayine “Prstow’’ 


they spread with facility and unite under the influence of 
very little foree. The metal powder in the container C is 
entrained in an air blast A, heated in the flame of a blast 
pipe B, and projected with high velocity. The gas is burned 
at D and the supply of air is regulated at S to obtain com- 
plete combustion. 

It was found that the anticipations from the use of the 
first apparatus were correct and that metal particles pro- 
jected in a pasty condition produced plating as before. 
Most metal powders, however, tend to oxidize rapidly and the 
use of this apparatus was practically restricted to tin and 
zine on this account. Even with tin, the expense of metallic 
powder was prohibitive, but the plating with tin and zine 
was very good. In the ease of zine, the apparatus known as 
the cyclone is still the most economical instrument for plat- 
ing large surfaces with that particular protective metal. 
Zine dust is a by-product in the stacks of zine smelteries. 
With the Cyclone apparatus, it can be impacted on steel 
structures either in the field or at the factory. 

Inventors then set themselves to overcome both the chemi- 
eal and economic difficulties, viz.: to dispense with mass 
melting and dust preparation and to secure instant and 
simultaneous operation of melting and pulverization, and 
control with a handy, economical and easily transportable 
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appliance. The result was the ingenious instrument known 
as the “* pistol ” which is shown in Fig. 3. 

The principle involved consists, as shown in Fig. 4, in feed- 
ing a fine wire W of any metal into a reducing flame zone 
Z at such a constant speed that the position of the end of 
the wire F remains stationary, the melting rate being exactly 
equal to the rate of feed. Under such conditions the wire 
end melts a drop at a time and each drop at the instant of 
formation is struck a violent blow by an air blast A. In 
other words, the pistol is a machine gun which automatically 
manufactures its ammunition from a reel of wire and bom- 
bards the object to be plated with plastic projectiles of ex- 
tremely small size. 

The resulting fog or spray of fine metallic particles into 
which the drops are divided takes the form of a diverging 
cone C with a core of reducing gas G in which the particles 
are entrained, and a surrounding sheath of air A which is 
rapidly expanding and cooling. Any suitably prepared ob- 


Fic. 4 Ditacram APPLICATION OF REDUCING 
FLAME TO METAL WIRE IN THE 


ject placed in the path of this metallie spray is plated 
through impact without undue elevation of temperature. 

Fig. 6 shows a section of the commercial spraying pistol 
now in use. The principal parts of the pistol consist of an 
outer casing A, east of aluminum, with a central projecting 
tube forming a handle, a wire feed mechanism mounted en- 
tirely upon the cover B of the turbine chamber, the turbine 
C actuating the wire feed mechanism, gas, air and wire noz- 
zles mounted upon the outer casing held in position by a 
hand nut D, and a removable cover E which completes the 
enclosure of the outer casing. 

Gas and air ducts are drilled in the outer casing. The flow 
is controlled by the tapered valve F’ provided with a handle G. 
The wire feed mechanism is actuated by a turbine C mounted 
on a vertical shaft running in ball bearings; a worm is cut 
in the upper end of the vertical shaft and drives by worm 
wheels the horizontal shafts N and O, Fig. 6, which are pro- 
vided with worms in turn driving the worm wheels P and Q. 

The wheels P and Q, Fig. 6, are provided with slots to 
engage the projecting lugs of the lower feed wheel Rk. The 
upper feed wheel S mounted in the pivoted frame T is pro- 
vided with shrouds controlling the position of the lower feed 
wheel FR. The lower feed wheel can be engaged in either 
worm P or Q by raising a clip J, shifting laterally in either 
direction and locked in by the opposite clip. The shift can 
be readily made by allowing the mechanism to run slowly by 
a slight opening of the starting valve. 

Pressure is applied to the feed wheels through the pivoted 
frame T by a coiled spring, and controlled by the operator 
by means of the release lever K. The final adjustment of 
the wire feed is controlled by the needle valve M, Fig. 6. 
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The turbine and shaft complete is assembled in the outer case 
and properly adjusted independently of the other mechanism. 

The wire feed is entirely assembled on the turbine cover 
D and, when properly adjusted, is secured in position. The 
wire nozzle base U provides an adjustment for position of 
wire and gas nozzles, and is secured in position by a headless 
set screw. The upper end of the stem of the turbine cover 
is provided with an annular groove, which is engaged by the 
spring loop V and secures the removable cover EF of the case. 
Loop V provides also a means for hanging the pistol on a 
conveniently loeated hook. 

The operation of the pistol is as follows: The gas and blast 
nozzle faces B and C are securely clamped to form gas tight 
joints by tightening the hand nut D. The end of the central 
or wire nozzle is then 0.015 in. inside the gas nozzle and the 
stationary melting point of the wire is 0.03 in. inside the air 
blast nozzle. The wire diameter used is from 0.0319 to 0.0375 


in., except for lead and tin which are used in larger sizes 
owing to their rapidity of melting. 


Fic. 5 View or a COMMERCIAL SPRAYING Pistou Hanp 
READY FOR USE 


The feed gears having been set in mesh at the approximate 
speed required for the wire selected, the air alone is turned 
on and the speed tested with a short length of wire. Ad- 
justment, if necessary, is made by the needle valve which 
modifies the speed 2 ft. per minute plus or minus. 

The end of the wire reel is then threaded through the stock 
receiving tube, between the gripping feed rolls and into the 
central wire nozzle and the fuel gas pressures from the con- 
tainers are adjusted by the reducing valves and gauges 
thereon to the tabular requirements for the metal to be 
sprayed. The pressures of the fuel gases seldom rise above 
one atmosphere and hydrogen or Blau gas are the reducing 
gases usually employed. This gas is now admitted by slight- 
ly opening the starting valve and when ignited with a mateh 
burns quietly as a pilot light. 

The starting valve is then opened up full and oxygen is 
admitted gradually until the flame zone is established. All 
back-firing is avoided by keeping the reducing gas always in 
excess of the oxygen, the ratio being three or four to one. 
The above movements are made in rapid succession on a 
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light instrument which can be held in one hand and the spray 
is started up the moment the constant melting position of 
the wire is reached. 

The spray so established is essentially a metal plating air- 
brush, the diameter of which 5 in. trom the pistol end is about 
2 in, Objects to be plated are operated upon by pointing 
the pistol normally to the surface to be coated at any mo- 
ment at about 5 in. distance and traversing the pistol across 
the surface with a regular motion. 
0.001 in, thick. 


A single coating is about 
The operator's vision easily guides him in 
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distinguishing between the coated and uncoated portions and 
also between a first and second coat. 

Two thousandths of an inch well impacted upon a surface 
are just as effective as a much greater thickness and of 
course unnecessary sprayed metal increases the cost, as the 
latter is directly proportional to the thickness. Not only on 
the score of economy but also to preserve toughness the coat- 
ing should be of minimum thickness for the anvil action of 
the metallic spray on a solid metal object is lost above a few 
thousandths of an inch thickness and a process of cold work- 
ing follows which produces a brittle scale readily detachable. 
In practice this matter is easily regulated. 

Fig. 5 shows the pistol held in the hand ready for action 
with the wire thread in position. Fig. 7 shows the pistol 
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DeraILs OF THE COMMERCIAL METAL SPRAYING PISTOL NOW IN USE, SHOWING TURBINE, WIRE FEED MecHANisM, Eve. 


applied to coat a wooden pattern for protection with lead, 
and in Fig. 8 a cement statuette is being covered with bronze. 

Gas bombs with fittings and air at 40 lb. pressure are the 
only requisites besides the pistol and its hose connections for 
plating non-metallic objects such as wood, 


stone, paper, 


cement, cloth, ete. All metallic surfaces should have the seale 
cleaned off and their pores opened by preliminary sand- 
blasting. 

It will be seen from Table 2 that 0.001 in. thickness, one 
square foot in area, can be sprayed with the common metals 
for a small sum. The total cost for German silver is 314 
cents, for copper, 3 cents, for tin, 5 cents, for brass, 234 


(Ls, 


cents, for zine, 2 cents, for aluminum, 154 cents and for lead 
115 cents per square foot. 

Various theories have offered to 
plating properties of the metal spray, but it is believed by 
those putting it to practical use that, except in the few 
‘ases Where the impacted metals have a chemical affinity, the 
action of the spray is purely mechanical. 

Any metal wire can be sprayed with varying degrees of 
fineness by the pistol, but a hard metal, such as copper, can- 
not be impacted with the same degree of adherence upon a 
solid copper object as it would be upon a more porous cast 
iron object or upon one of the soft metals such as lead or 
zine. The coatings may be ground, polished and buffed like 
any ordinary metals, but polished sprayings do not offer 


been account for the 
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themselves as economical substitutes for cheaper and less ad- 
herent platings which are deposited in smooth condition. 

As metal spraying is essentially a kinetic energy process 
the degree of adherence obtained in any instance depends 
upon the relative hardness and porosity of the sprayed 
metal and its base. For some decorative purposes this is of 
no consequence, but where stress, wear and chemical action 
are involved it is quite important to choose the appropriate 
coating. 

In spraying where the softer metal forms the object, the 
body of it, as well as its superficial pores, will be penetrated 
by the harder metal with its projectile action. When the 
condition is reversed the softer spraying metal will fill the 
open pores of the harder object and key itself into the 
former in cooling off, but it will not penetrate the solid parts 
of the body. In either case, however, with proper prepara- 


tion of clean open surfaces a durable adherent coating is 
obtainable. 


Fic. 7 View or THE PISTOL AS USED FOR COATING WOODEN Pat- 
TERN WITH LEAD 


The applications of the process already made are nu- 
merous and new ones are being suggested continuously. In 
this connection it should be noted that, though coatings of 
all the commercial metals and of their alloys can be made on 
any other metal, and on almost any coherent object, except 
articles containing grease, the choice of a metal coating 
should be conditioned by the service which it has to render. 

Spraying a metal so that it plates an object gives the coat- 
ing metal no chemical properties it did not possess before. 
Hence sprayed coatings used for protective purposes, rather 
than for finish or decoration, are restricted for resisting 
acids to lead, for resisting air, moisture, sea water, and ordi- 
nary atmospherie action to lead, tin, zinc and aluminum, and 
where superficial oxidation of the coating is of no import- 
ance copper and its various alloys can be freely used also. 

In general the applications of the process may be divided 
in five groups, viz: protective coatings; bonding or junction 
coatings; electrical coatings; decorative coatings; detachable 
coatings. It is with the first three of these that the engineer 
is chiefly concerned. 
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Protective coatings on steel or iron may be either original 
coatings of the whole of an object or any part of it or loeal 
applications with the pistol to repair damage or wear of a 
coating made by another process. The repair of the trouble- 
some defects on galvanized sheets is an example. The loeal- 
ization of copper deposits on iron aand steel for the purpose 
of the cementation process and for controlling hardening is 
easily and quickly accomplished by the pistol. The results 
are reported to be much better than those obtained from the 
necessarily irregular and soft electrolytic deposits, the area 
of which cannot be absolutely controlled, 

Many engineering structures used in the arts, such as steel 
and iron tanks, girders and machinery of all descriptions, 
are subject to the action of liquids and chemicals and corrode 
rapidly, particularly at joints. It is not possible to plate 
such structures by any other coating method. In such cases 
2 metal is seleeted which will resist the corroding agent and 


Fic. 8 APPLICATION OF THE PistoL IN CoaTING A CEMENT ST..TU- 
ETTE WITH BRONZE 


is sprayed in the form of wire on all the seams and joints, 
these having previously been cleaned by sand-blasting. 

In many eases the treatment of the joints is suficient, the 
solid metal resisting oils and liquors for a long time when the 
seams are rendered free from attack. Railroad and bridge 
girders can be handled by portable outfits to proieet them 
from the atmosphere and moisture. This is a large indus- 
trial field of application in which lead, tin, and zine spray- 
ings are used, and proper initial treatment of this kind or in 
the field during erection dispenses with all need for repeated 
painting. 

Laundry machinery, dairy appliances, water heaters, and 
similar structures exposed to moisture and chemicals can be 
protected against corrosion due to electrolysis in many cases 
by sprayed deposits of zine suitably located, or may be 
wholly tinned or galvanized by the Schoop process. 

Bonding or junction coatings ean be freely applied to 
brick, metal or porcelain connections with the metal spray. 
The porosity of stone, both natural and artificial, lends itself 
readily to this use. The refractory hearths of furnaces using 
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TABLE 1 


DETAILS OF THE COST OF USING METAL SPRAYING PISTOL ONE HOUR 


| 


Speed OXYGEN Biav Gas 
Diam- of Wire Pounds | Labor | Cost of Cost Wire Total Total 
MeTAL eter,  - per . . per Air per of Cost per Cost per Cost per 
in Feet Cost at er Cost at 
Inches per Mie. Hour Gauge Cubic $.02 Gauge | Cubic $.008 Hour Hour Spraying Hour Hour Minute 
Pressure Feet Cu. Ft. Pressure| Feet Cu. Ft. 
Copper.... 032 12 2.15 27 24 $.45 25 13 $.104 30 $.20 $1.08 $366 $1446 $.0241 
Brass....... O32 12 2.15 28 21 42 26 14 ll 30 .20 1.03 .335 1.365 0228 
Bronze... . 032 12 2.15 27 24 45 25 14.5 116 30 20 1.09 .432 1.522 0253 
German Silver 032 12 2.15 28 23 46 26 14 11 30 20 1.08 545 1.625 0271 
Aluminum. 0375 16 12 19 36 72 16 13 104 30 20 32 44 76 0127 
Zinc.. ‘ 0375 18 4.3 15 20 40 13.5 10 08 .30 .20 9s 1.23 2.21 0368 
Lead P 076 25 30 14 20 40 12 Ss O64 30 20 O64 3.00 3.964 0661 
Tin.. 061 25 15 13 24 is 14 10 0S 30 20 1 06 10.50 11.56 1933 


the surface combustion principle are readily bonded by the 
Schoop pistol to their porcelain or metal gas-conducting 
tubes by spraying the assembled parts with a metal of suffi- 
eiently high fusing point. Ordinary solders are of no service 
in furnaces depending upon radiant energy and the re- 
fractory cements and mortars will not stand the necessary 
stresses and wear. 

This is a single instanee of the possibilities in bonding 
non-metallic surfaces. Though the pistol coatings are 
amorphous and vitreous throughout and are not calculated to 
carry the stresses of ordinary metal parts there are many 
statie uses of metal in which the Schoop coating is useful. 
The eleetric appliance field is one of these. Carbon in all 
its resistance forms can be freely sprayed with copper and 
that metal can be applied in minimum quantity to any piece 
or portion of a piece of apparatus. 

The most recent electrical application is the construction 
The Schoop 
pistol will spray an adherent coat of copper on ordinary 


of condensers, especially for wireless service. 
sand-blasted window glass. Two-thousandths of an inch is 
sufficient to produce a highly efficient and cheap plate much 
superior to rolled tin foil coverings or galvanie deposits of 
copper on glass. Lead sprayed on glass also furnishes a 
very cheap and effective condenser plate. 

The decorative coatings are of less interest to engineers, 
but the field is large and, apart from the coating of baser 
metals with the bronzes and other alloys, almost any metal 
can be sprayed freely on naturally porous substances such 
as wood, paper, cloth, stone, cement, ete., and sprayed coat- 
ings can either be polished, treated with chemicals to form va- 
rious patina effects, or allowed to form a natural patina, thus 


securing protection of the material from atmospheric action. 

The detachable coatings form an interesting study and 
In all the 
applications already described the object has been to obtain 


have yet to be developed for many of the arts. 


an adherent coating of any selected metal upon a clean 
sand-blasted metallic surface or upon a clean surface of a 
naturally porous non-metallic object. 

It has been found that if the Schoop spray be turned upon 
u smooth greased surface of reasonable hardness, the bom- 
barding fog of metal particles will remain upon the surface 
without impacting and will copy the surface to its finest 
line or detail. On cooling and tapping this reverse it de- 
taches readily and by using it as a mold and repeating the 
treatment with a film of grease, a detachable copy of the 
original object, a coin, medal or any relief subject can be 
obtained in any desired metal. 

The application of these detachable coatings to the print- 
ing plate, dental plate and other processes in the arts re- 
quiring rapid and aceurate reproduction is now under de- 
velopment. It is obvious that copper and bronze of a 
erystalline hard character would give much greater service 
than the short-lived plates now used of soft electrolytic 
copper. 

The various possibilities of the spray so far developed are 
indicated by the samples of its work exhibited and by the 
demonstrations of the pistol in actual operation. Tables 1 
to 3 show the data of gas consumption and total cost of 
spraying a square foot 0.001 in. thick of some of the com- 
moner metals by means of the Schoop pistol; also, the cost 
of spraying per pound and by the hour and the rate of 
deposition, 


TABLE 2 COST TO COVER ONE SQUARE FOOT BY SPRAYING TABLE 3 COST OF SPRAYING ONE POUND 
Ti Speed Time to 
Speed ime to over Speec Cost 
Diam- { Wire One Square Foot | Thick- Cost Cost Total Feet of Wire “Pray of Cost | 
MerTAL eter, ness, of of “4 per in Feet One Lb.) of | Total 
Inches ane Inches Spraying) Wire Cost Pound per — Wire Cost 
Minute Min. | Sec. | . Min ~_ 
| Min. | = 
Copper........ 032 12 1 10 | .001 | $.021 | $.0076 | $.0286 || Copper....... 340 12 28 $.50 |$.1725 | $.6725 
.032 12 1 | 10 | .020 .0271 || Brass........ 350 12 23 47 .1625 
.032 12 1 | 10 001 | .0101 .0341 344 12 28 .53 2225 | 
German Silver..} .032 12 1 10 .0089 024 .0105 .0345 || German Silver 330 12 | 28 
Aluminum..... 16 40 .OO1 .0128 .0042 .0170 || Aluminum..... 761 16 48 1.075 7 1.445 
18 30 0015 | 0081} .0115| .0196 || Zine.......... 283 18 14 | 2.27 | | 2.60 
Rene .076 25 25 .002 | .0064 021 0274 || Lead......... 50 25 2 032.10 132 
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THE ELECTRIC LOCOMOTIVE 


BY A. H. ARMSTRONG,' SCHENECTADY, N. Y. 


Non-Member 


HE meeting of the local section of the Society in Chi- 
cago held on May 14, 1915, was devoted to the subject 
of The Electric Locomotive as applied to steam railroad con- 
ditions. Addresses were presented by A. IF’. Batchelder and 
A. I. Armstrong of the General Electric Company, Schenec- 
tady, N. Y., the first speaker discussing the development of 
heavy electric traction from the historical Baltimore & Ohio 
tunnel locomotives installed in 1895 to the most recent appli- 
cations in the Butte, Anaconda & Pacific and the Chicago, 
Milwaukee & St. Paul electrifications; Mr. Batchelder’s re- 
marks were in the nature of an informal talk illustrated by 
numerous lantern slides. Mr. Armstrong supplemented the 
first speaker's descriptive talk with interesting comparisons 
with the steam locomotive as to the selection and rating and 
his remarks are presented herewith. 


The first 47 New York Central locomotives of the S type 
represent a distinctive type admirably adapted to high speed 
passenger service. This type is designed to deliver a mod- 
erate tractive effort at a high speed, giving a tractive effort 
of 7,100 lb. continuously at a speed of 56 miles per hour and 
a one hour rating of 20,600 lb. The driving motors, four in 
number, are thus able to give an output of 2,200 h.p. for a 
period of one hour without overheating. The later T type 
of locomotive, weighing approximately 130 tons, has a ea- 
pacity of 14,000 lb. tractive effort at a speed of 5315 miles 
per hour or a continuous capacity of approximately 2,000 
h.p. output of the motors. For the one hour period, the 
output is 2,600 h.p. 

The reference to continuous and one hour capacities and 
also to starting tractive effort may demand the explanation 
to the steam railroad man that the time element plays a very 
important part in the determination of the rating of an 
electric motor. In a steam locomotive, the tractive effort or 
pulling power is determined by the diameter of the piston 
and the steam pressure behind it, and the locomotive can 
deliver this tractive effort continuously provided it has sufli- 
cient boiler capacity to supply the quantity of steam de- 
manded and the fireman is sufficiently industrious to keep 
covered the grate which is supposed to have sufficient sur- 
face. With the electric locomotive on the contrary, allow- 
ance must be made for the fact that the insulation used 
deteriorates if heated continuously above a certain amount. 
It takes a considerable time for the motor to heat up to this 
dangerous point, thus giving rise to a momentary rating or 
starting effort, a one hour rating and a continuous rating, 
the latter being the output which the motors can give con- 
tinuously without injurious heating. In other words, the 
steam locomotive engineer is concerned in keeping his boiler 
hot, while the effort of the designer of electric locomotives is 
to keep his machine cool. 

In the early electric locomotive design there was no such 
thing as continuous rating. The service which it was called 
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upon to perform was of an intermittent character, the runs 
between stops were short and the designing engineers were 
concerned mostly with the question of starting or accelerat- 
ing, tractive effort and commutation. Therefore, the con- 
tinuous rating of the early motors had no place in consider- 
ing its design. With the extension of electrified lines and 
more especially with the introduction of the electric locomeo- 
tive on main steam trunk lines, it was found that the motive 
power was called upon to deliver a continuous output for 
long periods at a time, and it became necessary to introduce 
air-blown or ventilated motors as well as fire proot insula- 
tion in order to secure the large output required without 
exceeding the limitations of space and weight imposed by 
standard gauge and reasonable diameter of wheels, wheel 
base and weight per driving wheel. We are therefore de- 
signing electric locomotives to-day suitable for the heaviest 
class of freight and passenger service. Such locomotives are 
entering into competition with the steam locomotive with a 
full appreciation of the phenomenal growth and possibili- 
ties of the latter as developed during the past few years, as 
well as a knowledge of the growth in the demands placed 
upon the motive power to take care of modern high speed 
passenger and freight train service. 

In designing such electric locomotives, the electrical en- 
gineer is fully alive to the fact that a steam locomotive has 
been built weighing 750,000 Ib. on drivers and having a total 
weight of 850,000 Ib., and that nearly 90 per cent of the total 
weight of locomotive and tender is now rendered available 
for tractive purposes by the development of the Mallet prin- 
ciple to include cylinders placed upon the tender itself. It 
is also known that the tractive effort of these locomotives 
has increased from the 40,000 lb., of the early consolidation 
engines weighing 200,000 lb. on the drivers, to values as high 
as 160,000 Ib. for the latest type of Mallet. It is also known 
that the introduction of the steel passenger car, together 
with the need of high sustained speeds of between 60 and 70 
miles per hour, call for the hauling of passenger trains 
weighing over 1,000 tons and provision is made in the latest 
New York Central electric locomotive to take care of 1,200 
tons at 60 miles an hour. Due appreciation is also paid to 
the results secured with the combination of superieating and 
simple engine which has so largely replaced the compound. 
Also the increased capacity afforded with the use of me- 
chanical pushers and fire door openings with hand firing has 
increased the efficiency of the fireman so that it is now pos- 
sible for him to throw between 5,000 and 6,000 lb. of coal 
per hour where previously 4,000 lb. might be considered 
good performance. Finally it is fully understood that the 
modern steam locomotive has been so improved as to fuel 
economy by the introduction of superheating, fire arch and 
other developments that it is possible to get an indicated 
horse-power with the expenditure of 15 lb. of steam and less 
than 2 lb. of coal under the best conditions of operation, and 
that with the use of mechanical stokers or with oil fired 
boilers, locomotives are in operation giving 3,000 i.h.p. or 
more. 

Fully appreciating the above facts and the magnitude of 
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the problem confronting him, the electrie railway engineer 
nevertheless offers in the modern eleetric locomotive a type 
of motive power which can accomplish results in transporta- 
tion which are not possible to obtain with the steam loco- 
motive both as regards tonnage handled, speed on mountain 
grades and general flexibility and economy in operation. The 
first large electric locomotive built was placed in operation 
on the Baltimore & Ohio Railroad in 1895, and it is worthy of 
note that this was a gearless locomotive and a forerunner of 
the highly eflicient gearless locomotives now in operation 
upon the New York Central Railroad to-day. The New 
York Central locomotive, as developed in the later T type, 
is capable of hauling the heaviest overland passenger trains 
over any length of track that may be electrically equipped, 
and with-all at a cost for upkeep, including all labor and 
material spent in maintenance, of not exceeding 3!5 cents 


15 THE ELECTRIC LOCOMOTIVE, A. H. ARMSTRONG 385 


shown of $240,000 over the cost of steam operation during 
the previous year with practically the same tonnage handled. 
The entire first cost of this installation, including all mate- 
rial and labor and contingent expenses as well as interest 
on money during construction, was approximately $1,200,- 
000, so that the saving above indicated results in a 20 per 
cent gross return upon the capital required for electrifica- 
tion. This makes no allowance for the serap value of more 
than 20 steam locomotives discarded. 

On this road, the heaviest class of freight trains are 
operated electrically, regular operation calling for the move- 
ment of from 3,500 to 4,000 tons behind the locomotives 
from the Butte Yards to Anaconda, and record has been 
made of train weights as high as 4,500 tons trailing against 
u gradient of 0.3 per cent. Each locomotive (Fig. 1) weiglhis 
80 tons, all on drivers, and two such units are coupled to- 
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per mile run, as is shown by the records of the New York 
Central during the operation of the past seven years. 

The first railroad in this country to adopt electric freight 
locomotives having large sustained output capacity was the 
Butte, Anaconda & Pacifie Railway. Some three years ago 
the construction of 92 miles of the total of 114 miles of track 
was commenced, being completed for freight operation in 
May, 1913, and for complete freight and passenger opera- 
tion in October, 1913. There are still four or five steam 
engines in operation on Butte Hill, but these will be replaced 
in the near future, so that in a short time the entire road, or 
114 miles of track, will be in operation electrically. The one 
motive inspiring this installation was economy in operation, 
and preliminary reports indicated that the savings in electric 
over steam operation should be sufficient to nav somet's 
like 1714 per cent upon the capital required to electrify. 
During the first six months operation of this road, careful 
detail figures were kept on the cost of electrie operation, 
every item of expense being accounted for, with the result 
that, prorated over the entire fiscal year, there was a saving 
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gether, operated by one engineer and comprise a complete lo- 
At the Butte end, there 
is a gradient of 215 per cent against the returning empty 
cars, and at Anaconda 1.1 per cent grade against which 
one of the above locomotives hauls 25 cars or approximately 
2,000 tons. 

This leads up to the subject of the rating of an electric le- 
The Butte locomotive (Fig. 1), weighing 80 tons, 
all on drivers, will give a continuous tractive effort of 26,000 
lb. at a speed of approximately 1642 miles per hour at full 
substation line voltage; this corresponds to 164% per cent of 
the weight upon the drivers. 


comotive hauling the above tonnage. 


comotive. 


Investigation of the locomotive 
loading regulations on many steam roads operating over 
ruling grades indicates that it is almost universal practice to 
assign to a locomotive a trailing load so that the tractive 
effort at the rim of the drivers, as required on ruling grade, 
will be equivalent to approximately 18 to 19 per cent of the 
weight upon the drivers. In other words, from 18 to 19 per 
cent coefficient of adhesion between driver and rail is now 
considered good steam practice, and the electric locomotive 
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rating is closely following this same steam practice. The 
electric motor, of course, gives a perfectly uniform rotation 
to the driving wheels, and should thus give something like 
10 per cent more tractive effort than the steam locomotive 
with its reciprocating parts. Continued operation will de- 
velop whether this additional 10 per cent tractive effort can 
be utilized or not. In the meantime, steam practice is being 
followed in the loading of electric locomotives. 

In adopting a coefficient of adhesion of 18 or 19 per cent 
as the basis of determining the tractive effort required on 
ruling grades, it is evident that there is left for starting pur- 
poses the difference between the above coefficient of adhesion 
and the slipping point of the wheels, whatever that may be, 
as determined by the condition of the track. Tests on elee- 
trie locomotives have shown a coefficient of adhesion as high 
as 35 per cent, or even more under specially favorable con- 
ditions, but it is fair to assume a maximum of 30 per cent 
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making the sustained continuous output of the complete 
locomotive, 3,000 h.p. at the rim of the drivers. This loco- 
motive, however, will give a considerably larger output for 
short periods. For example, it has a capacity of 3,440 h.p. 
for one hour and even greater than this for short periods. 
The sustained tractive effort is 72,000 lb. at a speed of 1554 
miles per hour at full substation line potential. 

Compare this electric locomotive with the Mallet engine 
ot approximately the same weight now in operation on the 
St. Paul road, as shown in Fig. 3, and we find that the 
Mallet engine has 76,200 lb. tractive effort corresponding to 
23.5 per cent coeflicient of adhesion, but those of you fa- 
miliar with the performance of this particular engine know 
that it toils painfully at speeds seldom exceeding 7 to 10 
miles per hour when operating at its full hauling capacity. 
It is in this matter of higher speed for the same tractive 
power that the electric locomotive excels. In fact the ques- 
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as available in operation and even 25 per cent may be nearer 
the average. There is therefore, not much difference between 
the tractive effort required on ruling grades and that re- 
quired for starting, and in order to be “fool proof” and 
capable of meeting the exacting demands of the heaviest 
kind of service, the electric locomotive should be capable of 
delivering continuously a tractive effort equal to from 16 to 
18 per cent coefficient of adhesion of the weight upon its 
drivers. The Butte locomotive is therefore rated at 26,000 Ib. 
or 16.25 coefficient of adhesion as its continuous output, and 
this capacity is sufficient to meet all demands of operation on 
the Butte, Anaconda & Pacifie Railway. 

Coming now to the latest type of trunk line electrie loco- 
motive, the one designed by the General Electric Company 
for the Chicago, Milwaukee & St. Paul Railway (Fig. 2) is 
direct development of the Butte, Anaconda & Pacifie both 
as to type of locomotive and general system of electrification 
installed. The weight of the locomotive is 260 tons, of which 
400,000 Ib. are on the drivers. Each of the eight driving 
motors has a continuous rating of approximately 375 h.p., 


tion of speed is simply one of cost and expediency, as the 
horse-power output of the electric locomotive cat be raised 
to any value desired without exceeding the limi‘s of track 
loading. 

The St. Paul locomotive, weighing 260 tons, has capacity 
to haul a 2,500 ton trailing load behind the locomotive on a 
1.0 per cent grade at nearly 16 miles per hour without any 
assisting locomotive. The St. Paul road in Montana and 
Idaho crosses three mountain ranges, the Belt Mountains, 
the Rocky Mountains and the Bitter Root Mountains. From 
Lombard to Summit, in the Belt Mountains, a distance of 
49 miles, there is an average gradient of 0.71 per cent and a 
ruling grade of 1 per cent against which one locomotive will 
haul a trailing load of 2,500 tons without assistance. Be- 
tween Pidemont and Donald, a distance of 22 miles to the 
summit of the Rocky Mountains, there exists a 2 per cent 
grade against which two locomotives will haul 2,500 tons 
trailing, the second locomotive being used at the rear of the 
train as a pusher. A second pusher division exists in cross- 
ing the Bitter Root Mountains of Idaho, making only two 
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pusher divisions in the 440 miles of electrified road from 
Avery, Idaho, to Harlowton, Montana. 

The general design of the St. Paul locomotive, as 
in Fig. 


shown 
3, comprises a locomotive divided in halves for facil- 
ity in shop repairs, each half being identical and equipped 
with four driving axles and two guiding axles. The design 
is identical with the Butte locomotive except for the addition 
of the four-wheel guiding truck at each end of the loco- 
motive. One of the reasons for the introduction of the truck 
is that the same locomotive is thus made available for both 
passenger and freight service. This does not mean that any 
locomotive can be used interchangeably at will in both freight 
and passenger service, but it does mean that all parts of the 
locomotive are identical whether used for freight or pas- 
senger with the single exception of the gearing between 
motors and driving axles which has a ratio of 4.56 for 
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ciency of the locomotive, 
nearly 90 per 


both electrical and mechanical, is 
cent maximum, not taking into account the 
minor losses in driving ventilating fans and air compressors. 
When descending heavy grades, therefore, the reversible 
feature of the locomotive, permitting it to transform me- 
chanical power received into electrical energy, suggests by 
this means a considerable reduction in the amount of power 
required to operate the road. It is probable, however, that a 
power saving of less than 10 per cent will result from the 
regenerative braking feature of the electric locomotives, and 
the principal advantage resulting from the introduction of 
the electric brakes will be to relieve brake shoes and wheels 
from the dangers attending overheating. To those of you 
familiar with the handling of trains on long and 
heavy down grades this argument will appeal in full force, 
as it is not an uncommon sight to see brake shoes red hot as 
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tion of a uniform type of motive power for all classes of 
service should result in affecting a great reduction in the cost 


freight service and passenger service. This adop- 


of maintaining the locomotives of the four engine divisions 
electrified. 

A second type of light locomotive for shifting service may 
be introduced later, although in this connection arrange- 
ments are being made to operate independently one-half of 
the through locomotive by equipping it with draft gear in 
place of the articulated joint joining the two halves. This 
will provide a locomotive weighing 130 tons having 200,000 
lb. on the drivers and capable of doing one-half the work 
stated above as the capacity of the combined locomotive, this 
half locomotive requiring turning if used in passenger serv- 
ice, as it has guiding axles at one end only. 

The installation on the St. Paul road will use for the first 
time on such a large seale a principle which should be of the 
greatest advantage in the operation of mountain grade 
divisions, that is, the utilization of the motors on the loco- 
motives to brake the train on down grade and return the 
energy of the descending train back into the line. The effi- 
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a result of sustained application on down grades of long 
extent. 

In regard to the suitability of the New York Central 
gearless type of locomotive for passenger service, it has 
been pointed out the entire absence of mechanical losses 
the brush the 
mutator, but the facts are so important as to bear repetition. 
There are no bearings on the motor of any kind as the 
armature is mounted directly upon the driving axle and the 
field structure is part of the frame which is carried upon the 
journals. The electrical efficiency of the motor and the 
frictional losses on the commutator due to the brushes are 
therefore the only losses to be considered, and the efficiency 
of this locomotive in operation is therefore between 93 and 
94 per cent. In other words, of the electrical input received 
at the third rail shoes, from 93 to 94 per cent appears as 
useful mechanical output at the rim of the drivers. This in 
itself is a most remarkable performance, but the value of 
this high efficiency locomotive is rendered more important 
when it is explained that the maximum efficiency occurs at 
approximately the free running speed between 50 and 60 


in the motor other than friction on com- 
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miles per hour. In other words, the motor has a drooping 
efficiency curve, being highest at free running and lowest at 
overloads or during acceleration, and in this respect being 
just the reverse of the etlicieney curve of geared motors 
which reach their highest point at practically the one hour 
load capacity of the motors. The gearless locomotive is 
therefore particularly adapted to operate on fairly level pro- 
files and could not be utilized to such great advantage on 
roads like the St. Paul which contains many heavy grades 
sustained over long extent. It is very difficult to combine 
in one structure motors capable of hauling 800 tons trailing 
over heavy sustained grades, and also have the chaaracter- 
istics required for good operation on level track at 60 miles 
per hour, and in the St. Paul locomotives recourse to gear- 
ing between motor and driving axle appears necessary to 
secure the greatest all around advantages at the lowest first 
cost. 

In answer to the questions asked, it may be said that the 
control used is an adaptation of the multiple unit control 
in use on the elevated systems. It permits the operation of 
the double locomotive from one master controller located in 
the operating cab of the leading half locomotive; it also 
permits running two locomotives together and still under the 
control of one operator. It is a question, however, whether 
the strength of the draft rigging will ever permit coupling 
two of these large electric locomotives together at the head 
end of the train, in as much as the starting effort of one loco- 
motive is 120,000 Ib. and the 240,000 Ib. starting effort of 
two locomotives would undoubtedly prove too much for any 
draft rigging now in use. 

The trolley construction used upon the Butte, Anaconda & 
Pacific Railway comprises a steel catenary from which is 
hung, by means of loop hangers, a 4/0 copper trolley wire 
operating at 2,400 volts direct current. The loop hanger 
permits this trolley wire to ride up and down under pressure 
of the current collector and independently of its catenary 
support, and this provides a very flexible form of con- 
struction. The result has been that the 5 in. steel tube 
rollers used to collect the current on the Butte, Anaconda & 
Pacific have given a life of nearly 30,000 miles when operat- 
ing in passenger service where the maximum speed ap- 
proaches 50 miles per hour. The construction being in- 
stalled upon the Chicago, Milwaukee & St. Paul Railway, is 
a development of that now in successful operation upon the 
Butte, Anaconda & Pacifie Railway. It utilizes the 4/0 steel 
catenary and the loop hanger, but provides for two 4/0 
trolley wires located side by side and alternately suspended 
from the same steel catenary. This alternate suspension of 
the twin trolley conductors provides for extreme flexibility 
of the overhead conductor, as when the current collector 
passes beneath the clip of one strap hanger the other trolley 
wire is hanging free and there is absolutely no tendency to 
spark, as is the case with the single conductor. Tests made 
at the Schenectady and Erie Works of the General Electric 
Company show that 2,000 amperes can be successfully col- 
lected at 60 miles per hour and as this corresponds to 6,000 
kw. at 3,000 volts, it is considerably in excess of the require- 
ments of one locomotive collector. 

The statement can be safely made therefore, that the high- 
voltage direct-current locomotive can be designed to meet the 
requirements of the heaviest class of main line service both 
as regards the capacity of its motors and ability to collect 
the required amount of current from the overhead trolley 
wires at any speed called for in passenger or freight service. 
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LOCOMOTIVE SUPERHEATERS 


BY R. M. OSTERMANN, CHICAGO 


Member of the Society 


HE influence of superheating upon the design and 
7 operation of railroad locomotives is quite revolution- 
ary, and much more unusual than upon stationary power 
plants. The keynote of locomotive design and operation has 
always been simplicity, and railroad men have maintained 
an attitude of conservatism well founded upon their experi- 
ence in operating numerous individual power plants with a 
high degree of precision and often under conditions adverse 
to the proper maintenance of any kind of machinery. How- 
ever, that there are to-day in operation about 32,000 loco- 
motives equipped with just one design of superheater, nearly 
12,000 of which are being used on the railroads of this con- 
tinent, and that a very large percentage of the locomotives 
being ordered at this time are to be equipped with the de- 
vice, is a proof that the benefits of superheating are ap- 
preciated, 

In locomotives, the particular value of an improvement in 
cylinder performance, or, in other words, of a reduction of 
weight of steam used per indicated horse power hour, is to be 
found in the limitations of weight and clearance imposed 
upon the boiler, limitations which have been felt more and 
more as the demand for horse power capacity increased. 

In proportioning his engines and boilers so as to furnish 
a given amount of sustained power, the stationary plant 
designer has no serious difficulties if he can obtain sullicient 
boiler room space and substantial foundations. His problem 
resolves itself into choosing, among the known improve- 
ments, a combination that will produce the required horse 
power with a minimum of coal and a maximum assurance 
of uninterrupted service. 

The problem of the locomotive engineer is fundamentally 
different. He must obtain a certain sustained power from 
a boiler limited in weight to what is required for adhesion 
and in bulk by what road clearance and track curves allow. 

The desire to inerease the operating efficiency of existing 
track, the inability of the railroads to reduce grades in pace 
with the development of the traflic in many cases and the 
recent introduction of all-steel and steel underframe cars, 
are factors that are responsible for the rapid growth of 
weight and power of locomotives in this country. The aver- 
age weight has been increasing rapidly. The boiler barrels 
of locomotives have reached their practical limit in diameter, 
and their length has also greatly increased with the increase 
in the number of driving axles to safely take care of the 
larger adhesion weights corresponding to the increased eylin- 
der power. 

A comparison of heating surfaces in stationary and loco- 
motive boilers is very instructive. While in stationary boil- 
ers a square foot of heating surface is provided for evapo- 
rating from 4 to 7 lb. of water per hour, locomotive boilers 
have to evaporate as much as 20 lb. or more per sq. ft. of 
heating surface. Some recent Pennsylvania tests indicated 
evaporations of 23.3 Ib. per sq. ft. of heating surface under 
foreed conditions and with coal fuel. 

In view of such extraordinary figures, illustrating better 
than any arguments could the limitations of steam generating 
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in locomotive operation, any device that would reduce the 
pounds of steam per indicated horse power hour and at the 
same time could be applied without materially impairing the 
boiler efficiency or greatly increasing the weight of the loco- 
motive, two important considerations, would afford material 
relief; and a correctly designed locomotive superheater is 
such a device. 

The prevailing type of locomotive superheater is shown in 
More than 11,000 su- 
perheaters of this design are now in use in this country. 


Fig. 1 and a unit in detail in Fig. 2. 


This superheater is of the firetube or, more generally speak- 
ing, of the parallel-flow type, in distinetion to the smoke- 
box superheater which operates on the series principle or, 
in other words, utilizes the heat of the gases left after their 
contact with the evaporating surface. 

Fig. 3 is a curve showing a general relation between coal 


consumption per indicated horse power hour and superheat, 
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in a more intense action of the superheater in decreasing the 
specific steam consumption of the locomotive. 
The saturated steam locomotive boiler does not 


Possess 
any boosting feature. On the contrary, the moisture in the 
steam fast increases, making the saturated locomotive fail 
when forced. 

The benefit of the superheater in boosting the steam tem- 
perature and power of the locomotive probably finds its 
limit at the point where too great an increase of cut-off halts 
a further reduction of specific steam consumption, Just at 
what speed and power this takes place depends upon the 
proportions of the boiler, as compared with the eylinders 
and wheels; and the problem of the designer is to provide a 
boiler with proper proportions of evaporating and super- 
heater heating surface so that the largest possible amount of 
sustained horse power can be had at the speed at which the 
engine is required to operate normally. 
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as experimentally established by Dr. W. F. M. Goss, to whom 
we are greatly indebted for a thorough investigation of the 

bois ot superheating carried out on a locomotive at the 
Purdue testing plant. The curve is interesting in so far as 
it clearly shows the larger proportionate economies with in- 
crease in steam temperature. 

The Pennsylvania Railroad has also carried out extensive 
tests at its Altoona testing plant, and the bulletins issued by 
this company giving the results of these tests are recom- 
mended to all who wish to make a detailed study of locomo- 
tive fire-tube superheaters. The tests fully confirm the 
claims made by the designers of this type of superheater, 
and show the following fundamental relations: 

The superheat increases at a nearly constant rate with the 
It also varies in a 
generally similar manner with the draft and the rate of evap- 


indicated horse power of the locomotive. 


oration, both of which are automatically regulated to suit 
the load of the locomotive through the agency of its exhaust. 
The superheater is, therefore, an effective power booster for 
the locomotive, and this is a very valuable feature from an 
operating standpoint. An increase in the steam demand 
upon the boiler necessitates the evaporation of more water 
per square foot of evaporating surface, which latter results 


DeETAILS OF THE PREVAILING 


Tyre or Locomotive SUPERHEATER 


A comparison of indicator cards taken from saturated 
steam and equally-sized superheated steam locomotives for 
either equal power output or equal steam consumption or 
water rate is most pressive. This comparison can be found 
In a loco- 
motive, the area of the indicator card is indicative of haul- 


in the above-mentioned Pennsylvania reports. 
age capacity. The greater the area of the,card at a certain 
speed, the more tons can be hung on the drawbar, and the 
The addi- 


tion of a correctly-designed superheater makes it possible 


greater the earning capacity of the locomotive. 


to increase greatly the area of the card at a certain speed, 
and therefore to increase the haulage and earning capacity 
beyond that of a saturated steam locomotive by increasing 
the cut-off or by “ dropping her down,” and still retain the 
balance between steam generation and consumption. 

Savings in coal and water per unit of power developed, 
such as shown by the tests, are now being obtained in every- 
day operation. As a rough average, a coal saving of 25 per 
cent and a corresponding water saving of 35 per cent, while 
the engine is performing useful work, can be expected, and 
thermally accounted for, with the knowledge we have of the 
average amount of cylinder condensation which takes place 
in saturated steam locomotives. 
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Comparing two locomotives with identically the same en- 
gine and wheels—a ease which presents itself often when a 
superheater is applied to an existing saturated steam loco- 
motive—and assuming further that it would be possible to 
take sufficient horse power out of the superheater engine so 
that it burns the same quantity of coal per hour as the satu- 
rated engine without an appreciable increase of coal con- 
sumption per indicated horse power developed, then on the 
basis of the facet that the superheater engine can produce 
one horse power hour at 25 per cent less coal than the satu- 
rated engine, we can inversely figure that the superheater 


. : engine has 3313 per cent more cylinder horse power and 

a from 45 to 55 per cent more drawbar horse power available 
} 

mens than the saturated engine. 


In operating terms, drawbar horse power is tractive power 
times speed of train. For the same speed of both engines 


ee r and trains under comparison, the drawbar pull is about pro- 
~ portional to the tonnage, so it would seem that the super- 
* heater engine can haul 45 to 55 per cent more tonnage at 

om the speed of the saturated locomotive working at a corre- 


spondingly larger cut-off than the latter. That is, however, 
practically impossible for the following reasons. The super- 
heater locomotive has no more starting effort than the satu- 
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rated locomotive of the same engine dimensions; particu- 
larly on poorly graded roads, the starting feature governs 
the tonnage which can be handled. Besides, the specific coal 
consumption naturally inereases as the cut-off is increased, 
on account of decreasing cylinder efficiency; and how much 
this factor does towards preventing too great an increase of 
tonnage depends upon the cut-off at which the saturated 
engine had to be worked, whether over or underboilered. 

An increase of speed is often possible in practice in order 
to utilize the greater drawbar horse power available. In that 
case, the drawbar pull increases also per ton of train han- 
dled; but all the excess of drawbar horse power as poten- 
tially existing can hardly ever be utilized in practice. There- 
fore, part of the benefits of superheating must always be 
reaped in the form of saving in fuel and water and in the 
physical efforts of the fireman. 

It is as much as stated above that the proportions of the 
superheater within the given locomotive boiler determine 
the curve of sustained horse power available at various 
speeds. These proportions are actually characterized by the 
ratio of resistances to the flow of the two parallel streams of 
gases, the one flowing through the large flues in contact with 
the superheating and the evaporating surfaces, and the other 
in contact with the evaporating surface only. For a given 
length of boiler this ratio is dependent upon the ratio of net 
internal area through the large tubes and through the small 
smoke tubes; and upon it depend the steam temperatures 
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obtained in the cylinders at various power outputs, which is 
the power boosting and economizing feature of the firetube 
superheater. 

At the present time, locomotive superheaters are so de- 
signed that temperatures of about 620 to 650 deg. Fabr. are 
obtained for maximum sustained horse power. The steam 
temperature is of incidental interest only; and it is not the 
purpose of the design to reach a certain temperature. What 
is required is a maximum increase of sustained power from 
a given locomotive. The more superheater units are ap- 
plied, the more highly can the steam be superheated; 
but also the greater is the sacrifice of evaporating surface, 
and, in consequence, the misgivings of the designer of olden 
days. The intrusion of the superheater units into the boiler 
meant a compromise; but the influence of superheating upon 
specific steam consumption is so great that the net result is 
a tremendous gain. 

Fig. 4 suggests that still greater fuel economies and power 
increases than at present obtained can be had from the 
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superheater that produces higher steam temperatures; but, 
from what is above stated, it would not be practical unless it 
required only a comparatively small sacrifice of evaporating 
surface. This aim can be achieved with a superheater of a 
similar parallel flow or firetube type which provides for a 
still closer juxtaposition of superheater and evaporating 
surfaces and for an arrangement of superheater surface 
within still smaller smoketubes than does the present super- 
heater. With such a device, it is possible to obtain a more 
effective abstraction of heat from the gases and obtain higher 
superheats without sacrificing boiler eflicieney. Such an ar- 
rangement is actually in use now in Europe, and its intro- 
duction in this country may be possible in time. The hope 
of further increasing the benefits to be derived from locomo- 
tive steam superheating was expressed by George L. Bourne, 
in his discussion of the report of the sub-committee on Rail- 
roads at the Annual Meeting, in December, 1914. 

Through systematic efforts on the part of railroads, a num- 
ber of problems which presented themselves with the intro- 
duction of superheated steam in locomotive operation, such 
as the obtainance of good lubrication, power maintenance at 
roundhouses, ete., were attacked and successfully solved in 
a short time; and there appears to be no logical reason why 
the problem incidental to the use of still higher steam tem- 
peratures could not also be solved. 
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THE WASHBURN SHOPS OF THE WORCESTER POLYTECHNIC 
INSTITUTE 


BY GEO. I. ALDEN, WORCESTER, MASS. 


Member of the Society 


Hil germ thought to which the Washburn Shops trace 
mind of 
Ichabod Washburn, the founder of the Washburn and Moen 
branch of the American Steel & Wire Company, at present a 
branch of the U. 8. Steel Corporation. The first paragraph 
in Mr. Washburn’s letter of gift to the Trustees of the Insti- 
tute reveals the blending of purely practical, with high moral 


their origin doubtless existed first in the 


and ethical, ideals. He says: 


* IT have long been satisfied that a course of instruction might 
be adopted in the education of apprentices to mechan- 
ical -employments, whereby moral and intellectual training 
might be united with the processes by which the arts of 
mechanism, as well as skill in the use and adaptation of tools 
and machinery are taught, so as to elevate our mechanics 
as a class in the seale of intelligence and influence, and add 
to their personal independence and happiness, while it ren- 
ders them better and more useful citizens, and so more like 
our Divine Master, whose youth combined the conversations 
of the learned with the duties of a mechanic’s son, and whose 
ideas and teachings now underlie the civilization of the 
world.” 

It was long before this letter was written that Mr. Wash- 
burn had conceived the idea of a school for apprentices. 
He had conferred with Rev. Seth Sweetser, D.D., about his 
plans, but during the Civil War the project “ slumbered.” 
Before the consideration of this plan of Mr. Washburn’s was 
revived, John Boynton of Templeton, Mass., had offered 
$100,000 to endow a sehool to be located in Worcester. Mr. 
Boynton’s gitt was accepted, and a corporation was formed 
Trustees were chosen, who made plans for 
the new school which were such as to include Mr. Wash- 
burn’s ideas. Mr. Washburn finally very heartily consented 
to build and endow the Washburn Shops as a department of 
the Worcester County Free Institute of Industrial Science, 
now designated more briefly as the Worcester Polytechnic 
Institute. In doing this, he relied upon the other depart- 
ments of the Institute to do the purely academic work re- 
quired in the instruction of the apprentices. 

In his letter of gift, Mr. Washburn provided for the ap- 
pointment of a superintendent of the shops, specifying quite 
fully his duties. He recognized that the plan was an experi- 
ment, and stipulated that in ease the trustees felt that the 
plan proposed could not be suecessfully and advantageously 
carried out, that it might be abandoned and the funds given 
for the support of the shop might be used for the benefit 
of the “main design of the Institute,” mentioning the de- 
partment of Mechanical Engineering in that connection, and 
stipulating that in such case a part of the income of the 
funds should be given to needy and deserving students to 
aid them in pursuing their education. 

The purpose of the establishment of the Shops, as it ex- 


fifty vears ago. 


Presented at a meeting of the Worcester local section of Tur 
AMERICAN Society OF MECHANICAL ENGINEERS, on June 8, 1915, 
in connection with the Celebration of the 50th Anniversary of 
Worcester Polytechnic Institute. 
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isted in the minds of Mr. Washburn and the original trustees 
of the Institute, was to combine more closely theory and 
Mr. Washburn desired 
und enjoimed that the apprentices should have instruction 
in the school in those branches of science that had a bearing 
upon their problems and work in the shop. 


practice in the teaching of engineers. 


The trustees 
intended that, by means, of the shop practice, the students 
should be taught how to make their knowledge of science val- 
uable to the industries of the County; that they should com- 
bine skill in the methods and practices of the mechanic arts 
with adequate knowledge, intelligence and understanding of 
the sciences underlying these processes. 

The first notable achievement of the Shops is their con- 
tinued existence and usefulness, although the establishment 
of the Shops as a part or department of the Institute was 
clearly recognized by the founder and original trustees as 
an experiment. Indeed, the lines upon which the Institute 
itself was planned were, for those times, so original, and 
such a departure from recognized types of education, that 
the trustees declared their unwillingness to put in charge of 
the Institute, either as President or the heads of the leading 
departments, any of the experienced and successful educa- 
tors of that time; for they realized that the traditions of the 
established educational routine had such a hold upon the 
men who had espoused the cause of education, that any plan 
which included any radical departure from methods then 
existing would have little chance of success under the diree- 
tion of the trained and experienced educators of that day. 

If there were some who acquiesced in the value of technical 
training, there were apparently none who could tolerate in- 
struction in a commercial shop or could see any connection 
between commercialism and education. They felt that there 
could not have been anything learned in making a product 
that was afterward sold. The aim, however, in making the 
goods in a commercial shop was not primarily to sell them, 
but to have them made by correct methods and up to com- 
mercial standards. They would be fit for the market, and, 
being fit, would likely be sold. The fact that the student 
knew that the goods he helped to make were standard, and 
not destined to find their way immediately to the scrap heap, 
had a fine influence upon the mind and the work of the stn- 
dents. 

The second achievement is that the Shops have proved 
that it is possible and practicable for commercial shops de- 
voted to instruction to be largely or entirely self supporting. 
The record shows that there have been periods in the history 
of the Shops during which even a considerable balance of 
profit has been shown. This condition requires more than 
simply manufacturing goods that go into the market; it 
means the highest order of business management and that 
the shop must have a business. It means that the students 
may learn in such a shop not simply the correct mechanical 
processes, but how to produce at a profit and that an oppor- 
tunity is given the student for instruction and practice in 
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S shop administration and management coincidentally with the 
period of his scientific and cultural studies. 
A third achievement is that the Washburn Shops, by their 
plan and practice, have established the fact that the only 
- place in which to teach successfully the application of 
science to the mechanical industries is the commercial shop. 
Every argument used in the years around 1870 in support 
of the plan of Mr. Ichabod Washburn and the trustees of 
the Institute is used today by the advocates of practical 
training for engineers. 

The fourth achievement of the shops by which they must 
be mainly judged as an educational force is their benefit to 
the students who have been trained in the shops. The per- 
sistence of the shops through a long period of opposition; 
their financial record; their sound principles; all these are 
not to be regarded as ends in themselves, but only as the 
means to the attainment of a much higher aim, viz.—a better 
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type of education for young men pursuing the study of me- 
chanical or allied branches of engineering. The shop courses, 
covering operations in cabinet work, in pattern making, 
moulding, core-making, smelting, and all foundry processes, 
forging, blacksmithing, machine shop practice, machine de- 
sign, selection of suitable material of construction, care of 
tools, familiarity with the materials for water and steam pip- 
ing, care and operation of steam boilers, steam and other 
engines, handling of repair jobs, experience with cost sys- 
tems, accounting, efficiency methods, as applied to the or- 
ganization of business and the production of manufactured 
products; all these and other kindred features have, by gen- 
eral consent, resulted in great benefit to the more than 700 
students who have graduated from the Department of Me- 
chanical Engineering at the Institute, not to mention those 
who had shop training in connection with their course in 
Electrical Engineering. 

The shop instruction and practice, however, have never 
taken the place, or reduced the amount of, instruction in the 
theoretical studies and in laboratory work, either in range 
or quantity below that of other first rank technical schools. 
In illustration and proof of this statement, I am permitted 
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THe JouRNAL 


G. I. ALDEN Am.Soc.M.E. 


by President Ira N. Hollis, of the Worcester Polytechnic 
Institute, to refer to his article entitled “ Technical Eduea- 
tion forthe Professions of Applied Science,” to be published 
by the Engineering Congress of the Panama Exposition. 
He compares the course in mechanical engineering in the 
Massachusetts Institute of Technology, the University of 
Michigan, and the Worcester Polytechnic Institute by giving 
The 


studies in each school are divided into seven main groups, 


the total hours in all subjects, including preparation. 


as follows: 
Group 1 —Language, History and Economics 
2 —Pure Science 
3a—General Applications of Science 
3b—Special Applications of Science 
4 —Drafting and Designing 
5 —Field and Laboratory 
—Summer Work 
7 —Physiceal and Military 
The total hours in each group and for each of the schools 
mentioned, are approximately as follows: 


Wor. Poly. Mass. Inst. Univ. of 
Inst. Tech. Mich. 
Group 1 1300 hr. 850 hr. 1200 hr. 
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The advantages resulting from a course such as this are 
many. The fundamental conditions for the type of instrue- 
tion illustrated by the Washburn Shops are, as we have seen, 
commercial shops, and the distribution of shop practice 
throughout the entire engineering course. The first of these 
conditions secures a degree of shop experience as broad as 
the shop business permits. The seeond gives opportunity 
to bring the theory of the academie work into close and con- 
tinuous relation to the shop practice. The consideration ot 
the advantages of the commercial shops involves the ques- 
tion of the value and advantage to the young engineer of 
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shop experience. The manufacturing shops of the country 
are the connecting link between theory, invention, design, 
on the one hand, and shop production on the other hand. 
It is in the shops that theories are modified and perfected, 
that inventions are made to materialize and become useful, 
that designs are corrected to conform to the necessities of 
possible and economical production. The shops stand in a 
relation to the technical schools of the country similar to 
that of hospitals to schools of medicine and surgery. Sur- 
geons cannot be produced without hospital practice and ex- 
perience. The engineer needs to have had shop practice for 
the same reason that the surgeon needs to have had hospital 
practice and experience. 

That the engineering student should get advantages from 
experience in connection with so indispensable an ageney for 
the carrying out of all engineering enterprises seems hardly 
te need emphasis. It may, however, be pertinent to mention 
specifically some of these advantages: 


Fic.3 CHart sHowinG Distrinution or Hours In MECHANICAL 
ENGINEERING AT UNIVERSITY OF MICHIGAN 


First. value 


which is sometimes much underestimated. 


The possession of mechanical skill has a 
It gives one con- 
fidence in himself as an independent producer of something 
worth while—ot something which has pecuniary value to 
him. It gives the young engineer a much better start and 
insures him a more rapid advancement in his profession. It 
enables one to direct mechanical operations with confidence 
and success, and thus gives the voung graduate an entrance 
to one of the most important and promising fields for ad- 
vaneement, viz., the directing and management of skilled 
men. This is of particular value to men who hope to have 
a manufacturing business of their own. 

Second. Shop experience helps one to get an early start 
in his profession. The most common question, and often the 
most pathetic as well, which confronts the graduate is, not 
The man with 
shop experience of the kind under present consideration can 
say to the employer, in answer to this question, I can make 


what do you know, but what can you do? 


patterns; have done some work in a commercial foundry; 
‘an operate ordinary machine tools; can install a system of 
keeping costs of production; make working drawings for 
use in an up to date shop; and if you are likely to have any 
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employment in other lines of engineering work for which 
my education has also fitted me, | would be glad to start at 
almost any practical work that offers. To be able, in conse- 
quence of shop experience, to make such an answer, may be, 
and very often is, the key that opens a door of wide oppor- 
tunity. 
Third, 


shop experience from weekly practice in a commercial shop, 


The economy of time which is secured by gaining 


during the whole period of technical training, is an advan- 
tage to the engineering student. The graduate who has had 
this shop experience may have saved a year or two of time 
in getting established in his profession or business. 

The advantages already mentioned of shop experience are 
those that mainly accrue to the individual student or grad- 
uate. We turn now to a broader subject, the design and 
standardization of machines or structures and their parts, 
including the necessary jigs, tools, and accessories. It is 
in these matters that the engineers, who have risen to high 
positions without mastering the shop regime, are costing 
the country and the world vast sums of money by compelling 
manufacturers to make mechanisms in impractical and ex- 
pensive ways; by failing to incorporate in their designs and 
drawings standard bolts, screws, nuts, gears, and many other 
parts that can be purchased for a fraction of what a small 
lot can be made for; by neglecting to consider and adopt 
a design for a casting that ean be readily handled in the 
foundry; by introducing fanciful curves and other forms, 
which add nothing to the value or beauty of the product, 
The man with the shop 
The 


man who has had no shop experience, unless he be by nature 


but only greatly to its shop cost. 
training thinks naturally and inevitably of these things. 


a prodigy in production, thinks less about these matters, and 
has not the experience to think effectively. 

Also, the designing and constructing of material products 
involves the maintenance of a business organization. Opera- 
tion of such an organization has become more complex and 
more important with the prevalence of large business enter- 
prises. The engineer or manufacturer should understand the 
functions of each department of the business organization 
which he serves. The commercial shop offers facilities for 
acquainting the engineering student with the modern meth- 
ods of business management and business efficiency by giv- 
ing him practice in the different departments of the business 
organization, including time keeping, systems of cost ac- 
counting, sales management, bookkeeping, store keeping, 
draughting room practice, cost estimating, and methods of 
introduction of efliciency systems; in all these and other 
allied subjects the commercial shop can offer practice valu- 
able and almost indispensable to an engineer who would 
master his profession and be able to conduct his practice im 
harmony with and to the advantage of the whole organism 
of which he happens to be a part. 

Schools for teaching the sciences that underlie the indus- 
tries were founded in this country at dates preceding the 
founding of the Worcester Polytechnic Institute, as, for ex- 
ample, the Rensselaer Polytechnic Institute in 1824, and the 
Hon. Samuel A. Eliot 
was an able advocate of the plan of offering more advanced 


Lawrence Scientific School in 1847. 


scientific courses at Harvard; and, while he was treasurer of 
Harvard College, the governing boards of Harvard Uni- 
versity approved a plan for the establishment of an advanced 
‘alled the 


school of science and literature to be Scientitie 
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School of the University at Cambridge; in recognition of the 
gift by Abbott Lawrence of $50,000, the overseers designated 


the new school as The Lawrence Scientific School in the 


University at Cambridge. These schools, and others founded 
later, all provided for instruction in the sciences that were 
considered practical, in the sense that a knowledge of these 
branches of science was necessary to the development of the 
great engineering, mining, transportation, and other indus- 
tries. 

The result of the training of these schools was a body of 
educated scientists and engineers. The carrying out of their 
ideas required a great body of skilled workmen. These 
workmen were trained by being apprenticed to the various 
trades. The educated scientists had usually no skill or 
knowledge of practical, mechanical or construction processes. 
There was, and to a large extent is today, a broad gap, so 
far as instruction is concerned, between the trained scientist 
and the skilled mechanic. This gap has been somewhat nar- 
rowed in more recent times by the introduction of labora- 
tories equipped with modern engineering apparatus. But, 
so far as the training in most scientific or technical schools 
is concerned, there is still a wide space not yet covered by 
any well defined system of instruction. In this space have 
grown up partial and inadequate systems, such as manual 
training schools, trade schools that do not teach trades, and 
various independent schools, outlined and directed by almost 
every grade of talent and attainment except commercial, 
trade and business experience. But the plan outlined nearly 
fifty years ago for the Worcester Polytechnic Institute pro- 
vided for instruction both in the sciences which underlie the 
industries of the country and their application to the proe- 
esses and work of the Shops. The plan was harmonious and 
covered the whole ground. It brought theory and practice 
together in a direct and simple way. Along with mathe- 
matics, pure science and language, the student also would 
learn the equally important and disciplinary lessons of me- 
chanical skill. While pursuing his engineering studies he 
would practice production of correct gears, difficult mechan- 
isms, standard machines, prime movers, ete., ete. The adop- 
tion of this method of instruction involves connection of some 
kind with commercial shops; and Mr. Washburn provided 
for the Worcester Institute this necessary part of the equip- 
ment in the establishment and endowment of the Washburn 
Shops. 

The Worcester Polytechnic Institute also has engineering 
and laboratory courses. It has, as shown in Dr. Hollis’ 
paper, from which we have quoted, all the groups of studies 
found in engineering schools. It gives more time to instrue- 
tion and preparation, to both the preparatory and the engi- 
neering studies, than the other typical engineering schools 
with which comparisons are made. It also has shop instruc- 
tion and practice added, or as a surplus in the account. This 
showing ought to correct the misinformed and neutralize the 
false logie of the unthinking. 

The training at the Washburn Shops has been improved 
and expanded from time to time during the past forty-six 
years to meet new conditions in business management and 
manufacturing and educational methods. These unique com- 
mercial shops, therefore, now enable the Worcester Poly- 
technic Institute to offer exceptional advantages to the stu- 
dent in mechanical engineering, the course in which they 
round out and complete. 


Tue JOURNAL 
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NEW BUILDINGS OF THE MASSACHU- 
SETTS INSTITUTE OF TECHNOLOGY 


HE local meeting of the Society in Boston, held March 

31, 1915, was devoted to the Engineering Equipment 

of the New Technology Buildings. An illustrated talk was 
given by Harry Gay, equipment engineer in charge of the 
work for Stone & Webster Engineering Corporation, and fol- 
lowing this Geo. E. Libbey of the firm of Hollis French & 
Allen Hubbard addressed the meeting. A. L. Williston, presi- 
dent of Wentworth Institute, concluded the meeting with an 
illustrated talk on the Lay-out of Educational Institutions. 
References to the remarks of the first two speakers follow. 


Mr. Harry Gay described in detail, with the aid of nu- 
merous lantern slides, the general plan of the new buildings 
tor the Massachusetts Institute of Technology, now under 
construction, as well as those contemplated, and diseussed 
the proposed equipment of the engineering buildings and 
science laboratories. He stated that the water supply sys- 
tem received special consideration on account of the large 
demand of the hydraulic laboratories. The power station 
will supply alternating current at 2,300 volts, 60 eveles, to a 
substation for the electrical engineering department where, 
by means of special transforming and regenerating equip- 
ment of 500 k.w. capacity, currents up to 6,000 amperes and 
voltages up to 100,000 will be available for experimental 
purposes, 

The group of science laboratories, situated apart from the 
engineering laboratories, will be most complete in their 
facilities for precise research work in addition to under- 
graduate instruction. The engineering buildings will also 
contain extensive hydraulic, steam and chemical laboratories 
in addition to the electrical department. 

George E. Libbey deseribed the heating, ventilating and 
plumbing arrangements of the buildings. There are three 
distinct systems of drainage, the sanitary, the rain water, 
and the underground. The last is for the purpose of keeping 
the surface water away from the buildings, insuring dry 
basements. In the plumbing system, continuous venting is 
employed, a new practice which is rapidly coming into use, 
as it requires less pipe and is less liable to stoppages. 
Forced hot water circulation was considered very carefully 
for this purpose, but a number of conditions governing the 
installation favored steam, and these were outlined in de- 
tail. Among these were the difficulties experienced in ob- 
taining underground tunnels for suitable piping connections. 

The heating and ventilating of the group of buildings 
presented many difficulties on account of the large amount 
of apparatus in the buildings. A vacuum steam system of 
heating was decided upon, with which, by means of thermo- 
stats operating automatically controlled valves, the tem- 
perature can be regulated within two degrees. In connec- 
tion with the ventilating, supply fans in the basement take 
air from the windows and apply it to the interior. It is 
then collected in ducts and exhausted by discharge fans on 
the roof. The air for ventilation is tempered by primary 
heaters automatically controlled by thermostats. In the 
chemical building, the air is changed eight times an hour, 
and the fumes from the chemical hoods are abstracted 
through ducts by a special system of fans on the roof. In 
all, over 100 large fans, requiring 280 kw., are installed. 
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TECHNICAL 


A RATIONAL BASIS OF COMPARISON OF 
ELEVATORS AND HOISTING 


DISCUSSION 


THE DUTIES 
ENGINES 


OF ELECTRICAL 


BY ANDREW M. COYLE, NEW YORK 


Member of the Society 


T ILE following brief diseussion is intended to make clear 

the mechanical and electrical conditions which enter 
into and limit the efliciencies of the several types of electrical 
elevators and hoists now on the market. In view of the recent 
discussion of this subject at a local meeting of the Society 
and the apparent lack of a basis of comparison of these ma- 
chines, it is hoped that the data here given and the simple 
algebraic formulae, developed some years ago and recently 
revised, may furnish a working basis upon which the the- 
oretie efficiencies of the several types of machines, and the 
several systems of rigging or methods of installation, may 
be compared and the power requirements for any given in- 
stallation definitely computed. 

In general, the engines in use fall into three classes: a, 
worm-geared; b, spur-geared, and c, direct-driven machines. 
The worm-geared is the most common form of engine for 
elevator service, and the spur-geared the most common form 
for general hoisting purposes. The helical or herring-bone 
gear is a special form of spur gear, and may be treated as 
such. The traction elevator is a special form of rope drive, 
and may be so treated regardless of whether the traction 
sheave is driven by means of gears or by a directly-attached 
motor. For convenience of reference, diagrams are given 
which show the arrangements of rigging most commonly 
used with electric elevator and hoisting engines. 


EFFICIENCY 


As it is desirable to compare the efliciencies of the several 
types ot machine and several methods of installation, it will 
be convenient to make a general summary of the elements 
which enter into the problem. An electrical elevator or hoist- 
ing installation consists of: 1. A motor; 2. A system of 
electrical switches and resistances by which the motor is con- 
trolled; 3. A drum or sheave driven by the motor, either 
directly or by means of gearing; 4. A cable transmission to 
which is attached a car, and usually a counterweight; 5. A 
brake pulley and brake usually located on the motor shaft; 
and 6. Certain governing and safety devices which, though 
of great importance, do not affect the efficiency of the in- 
stallation. It is quite obvious that electrical engines used for 
general hoisting purposes will come under the same me- 
chanical laws, and may be treated by the same formulae as 
are applicable to elevator machines. 

The actual efficiency of an elevator can hardly be expressed 
by a pereentage. The conditions under which they operate 
are extremely variable. The total current consumed by a 
machine per car mile when performing a specific duty is the 
only proper basis of comparison. 

Economy demands that a machine must use current most 
efficiently when performing the duty for which it is most 
frequently used. From this it follows that the machine must 
be designed with reference to this duty. It follows also that, 
in cases where the loads to be lifted vary between wide lim- 
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its, a motor must be selected which will give a fair percent- 
age of efficiency under the varying conditions. Commercial 
motors which are designed for continuous duty are rarely 
suitable for elevator service. The attempt to use such mo- 
tors has led to the installation of a great number of ineffi- 
cient, costly and unsatisfactory elevators. 

It will be convenient to develop a few simple formulae 
which may be applied generally to determine the quantity 
of current which should be required to perform any given 
duty with a machine of any one of the standard types. 

The energy developed in the motor is used first, to impart 
motion to the system, and second, to lift the unbalanced load 
in the car. As we develop high car speeds, the proportion 
of current used to produce acceleration increases until a 
point is reached at which it is not practicable to bring the 
car to full speed between floors. This limits the speed of 
elevators tor local service. 

The masses to which motion must be imparted are the car, 
counterweight, load, etc., which move in straight lines, and 
the drum sheaves, armature, ete., which rotate about their 
centers. In computing the inertia of a rotating body, we 
consider its mass as concentrated at the radius of gyration. 
The radius of gyration may be expressed as a fraction of 
the actual radius, or as a fraction of the distance from the 
center to some known point which bears a fixed relation to 
the actual radius. 

The radii of gyration of the armature and brake-pulley 
may be expressed as fractions of their actual radii, but the 
radii of gyration of the sheaves and of the drum may be 
more conveniently expressed as fractions of the distance 
from the shaft center to the cable center. The patterns of 
It will 
be near enough for practical purposes if we use in our 
formulae the radii of gyration which have been calculated 
for a sheave and drum of standard design. If in the case 
of any particular machine the patterns differ radically from 
those in common use, other values may be caleulated. In 
Table 1, r is used to indicate the radius of gyration which 


sheaves and drums in common use are quite similar. 


is to be considered as the ratio between the center of gyration 
and the measurement to which it is referred. 


TABLE 1 RADIUS OF GYRATION OF REVOLVING PARTS 
When several parts are assembled on one shaft the center of inertia has been 
computed for the combined masses 


| 
Name of Part r r? 


Sheave carrying two or more ropes........... ‘ 0.922 0.85 
Winding drum with attached drum neck, gear cen- 

Traction sheave with heavy hub and spokes..... 0.80 | 0.64 
Brake-pulley with solid web and flange coupling. . 0.707 | 0.5 
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SYMBOLS USED IN ANALYSIS 


m Mass in pounds of the car, counterweights, cables, counterbal- 
ance chains and attachments, plus the entire live load. (All 
these parts move with the same speed.) 

my Mass in pounds of all sheaves (excepting the driving sheave in 
the case of traction machines). 

ms Mass in pounds of drum (or traction sheave), drum neck, gear 
center and gear, 

ms — Mass in pounds of brake pulley and flange coupling (if coupling 
is used). 

mM, Mass in pounds of armature and shaft. 

ms — Mass in pounds of intermediate gear, in case of machines hav 
ing double gear reduction. 

ms, — Mass in pounds of cables in motion, in case of machine having 
2:1 rigging. 

M = The Mass Aggregate; that is, a mass equivalent to the aggregate 
of all the masses in the system multiplied by the factors 
which modify their effective values in the total inertia of 
the system. 

M, Negative Mass Aggregate. 

v Velocity of the car, in feet per second. 

Uy Ug Vs Vs, etc. = Velocities of the centers of gyration of the masses 
having the corresponding subnumbers. 

D = Diameter of winding drum or traction sheave, in feet, center to 
center of cables. 

d,; = Diameter of brake-pulley, in feet. 

d, — Diameter of armature, in feet. 

d; — Diameter of intermediate gear, in feet (used in case of machine 
having double gear reduction). 

=Unbalanced load, in pounds. 


fF = Foot pounds energy which must be developed by the motor dur- 
ing the period of acceleration to impart the required veloc- 
ities to the different parts of the system and to lift the 
unbalanced load. . 
Ff’, = Foot pounds energy necessary to impart the velocities v, vy, vo, 
Vs, U4, etc., to the masses of the system. 
F, = Foot pounds energy necessary to lift the unbalanced load dur- 
ing the period of acceleration. 
Ff’; = Foot pounds energy necessary to overcome friction during the 
period of acceleration. 
= Foot pounds energy available to drive the motor during the 
period of retardation. 
T = Average torque required of motor during the period of acceleration ex 
pressed in pounds at one foot radius. 
T; = Torque required of motor when running at normal speed, expressed in 
pounds at one foot radius. 
ri, T2, 73, T4, ete. = Ratios which the radii of gyration of the masses having the 
corresponding subnumbers bear to the measurements to which they are 
referred (see Fig. 1). 


¢ = Time in seconds allowed for acceleration from rest to full car speed. 

R = Gear ratio = Number of turns of armature to one turn of drum. 

R: = Ratio of intermediate gear (used in case of machines having double gear 
reduction). 

P = Percentage of efficiency of rope drive, including an allowance for friction 


of sheave bearings and hatchway resistance. 
P; = Percentage of efficiency of gearing. 


P; = Percentage of efficiency of the intermediate gears (used in case of machine 
having double gear reduction). 


n = Number of turns of armature during the period of acceleration. 
hk = Height load is lifted during the period of acceleration, in feet. 
g]' = Gravity = 32.18. 


STARTING CONDITIONS 

Using the symbols defined, we may establish certain rela- 

tions between the values which they represent. 
F = F, + F. + 
Since T is the average torque during the period of accel- 
eration and the distance through which the torque acts is 

2nn, the above relation is obvious. 


F mv + + my,+ mv; 


The values of v, v, v, v, may all be referred to v taken as 
a unit. The radii of gyration of the drum and sheaves are 
referred to the distance from shaft center to cable center 
for the reason that the eable center moves with the velocity 
v. Without considering the diameters of the drum and 
sheaves, we have: 
V,=vr, v,=vr, hence v, =vr, v, =vr, 
In the ease of the brake-pulley and armature we must 
consider the gear ratio and the diameter. 
drR. d,r,R , 
hence =——,,, — 
Substituting these values in equation [3] we have— 


232. 2p2 
2 


v, 
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In finding the value of /’,, it may be noted: first: The 
power required to impart motion to the armature and brake- 
pulley is not affected by the etliciency of the machine; second : 
The power required to impart motion to the drum and gear 
is affected by the efficiency of the gear, expressed by the 
percentage P,; and third: The power required to impart 
motion to the sheaves, car, counterweight, cables, chains, ete., 
is affected both by the efficiency of the gear and by the 
efficiency of the cable transmission P?. This condition may 
be expressed : 


+ 


2g 


F,+F,= 
1 3 x P, 
The quantity in the parenthesis in equation (5) is the mass 

aggregate expressed by the symbol M. It is the total inertia 

of the system, including friction, which in this case acts to 
all intents as an increase of mass. 


4 + =) 


It is obvious that 


By the laws of acceleration 
[7] 
Hence 
1 
F, =, Lvt ... ..[8] 
The number of turns made by the drum during the period 
of acceleration will be » — FR. The cireumterence of the 
drum is 7D); hence we have 
R 
From equations [7] and [9] we have 
Rvt 
D 


For running conditions, only the friction of the parts and 
the work of lifting the load are to be considered. 
The above considerations lead to the following mechanical 
formulae : 
Energy required for acceleration 
2 


2\ ¢ 
g 


Average torque required during period of acceleration 


T = th} (12) 
gt 
Velocity which may be imparted in a given time by a given 
average torque 
M\ D 
Time required to produce a given velocity by means of a 
motor having a given torque 
Mv/ D 1 
g (sent L 
Torque required for running 


(2 —P)(m+m,+m) 


[14] 


2RP, 
which holds until the value in the parenthesis becomes zero. 
When the quantity assumes a negative value use 


“= L—(1—P)(m+m,+m,) }...[{15 


1 
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In selecting a motor to develop torque necessary to pro- 
duce acceleration it must be noted that the average torque 
is not simply a mean between the highest and lowest torque 
developed during the period of acceleration. The average 
torque developed by the motor must meet the conditions 


=. in which n is the number of revolutions made by 


2nn 

the armature during the period of aeceleration. 
Equation [15) represents the running conditions of geared 

machines in general. In the ease of the direct driven trac- 

tion machines I? unity and P, takes into account only the 

friction of the armature bearings. In the case of the 2:1 

rigging the value of R is 2. 


The following formulae are derived from equation [5]: 


FORMULAE FOR MASS AGGREGATE 


A general tormula for the mass aggregate of a machine 
having a single gear 


M = + D? (im + mdr, )...... [16] 


PP, 


in Which r,, 7, r,. 7, are the fractions which express the ratios 


m- 


between the radu of gyration and the actual radii of the 
rotating parts. For convenience, these fractions have been 
caleulated for the parts of a machine of standard design and 
Un- 


less the machine under consideration is of unusual design 


the numerical values substituted in the general formula. 


these values are sufficiently accurate. 
For machine with a single gear ratio, whether worm or 

spur gear 

PP P, 2D 


For machine having a double gear ratio, either worm or 


M=. , + m,d,°) ...[17] 


spur gears 


85 
m Som im 
PrP P.P 
R- / md 
2D°\ P 


For direct driven machine, either winding drum or trac- 
tion 
-85m, -64m, md + md? 

PP, P, 21) 

For geared machine with 2:1 rigging, either winding drum 
or traction 


M = 


For machine rigged 2:1 with direet motor drive 
?.56m., 2 


3-4m, + 4m, ‘ 
= PP. + (m,d,* + m,d,°) [21) 
In formulae (5) [6] the weight of 
sheaves should be included in both m and m,. 


Ag 
~- oom, 


the traveling 
only 


and 
m, = 
the mass of cables in motion, not the standing part. 
PERCENTAGES OF EFFICIENCY 

The values of P, P, and P, are necessarily approximate. 
At the outset we must assume that the machines are properly 
constructed and properly lubricated. The duty performed 
in the cable transmission during the period of acceleration 
is much heavier than that performed under running condi- 
tions. In order to express P as a percentage of the load in 


+ ¢}, in 


aw 


m + m, 


motion we may use the formula P = 1 — 
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which W is the total load carried on all the sheaves and on 
the drum, a is the loss in one sheave expressed as a percent- 
age of the load on the sheave and ¢ is a constant introduced 
The values of P in the dia- 
This 
For run- 
ning conditions the values a = 0.015 ¢ = 0.01 may be used. 


to provide for hatchway friction. 
grams are based on the values a = 0.03 and ¢ = 0.02. 
is a very liberal allowance for starting conditions. 


The efficiency of a worm gear may be determined by the 
formula P, 1 —(a X cosecant ¢ + b) 
in which ¢ is the pitch angle of the thread, a the coefficient 
of friction and b a constant added to provide for the power 
expended in the bearings and in churning the oil. 

The efliciency of tandem or balanced worm gearing is not 
greater than that of a single worm and gear provided with 
a good ball-bearing thrust. For light loads, the single gear 
is preferable for the reason that there is less back lash and 
less difficulty in setting up the machine and in making re- 
pairs. 

The efficiency of spur and herring bone gears varies from 
0.985 in the case of the best eut gears properly lubricated 


TABLE 2 VALUES OF P; FOR WORM GEAR WITH COEFFICIENT 


OF FRICTION OF 0.03 


Deg. Deg P; Deg Py Deg Deg. P Deg. P; 
8 0.734 11 0.793 14 0.826 17 OS47 20 OS62 23 0.873 
9 0.758 12 0.806 15 0.5834 15 O.853 21 O866 24 0.876 
10 0.777, 13 OS17 16 O.S841 19 OS5S 22 25 0.879 


TABLE 3 VALUES OF P; FOR WORM GEARS WITH COEFFICIENT 


OF FRICTION OF 0.05 


Deg Deg Deg. P, Deg. P; Deg. P; Deg. P 
s 0.590 ll 0.6858 14 0.743 17 0.779 20 0.804 23 0.822 
0.630 12 0.709 15 0.757 1s O.78S 21 O.812 24 0.827 
10 0.662 13 0.728 16 0.769 19 0.706 22 O.817 25 0.852 


and provided with anti-friction bearings, to 0.93, which will 
be developed by any eut gears that are set up with a fair 
degree of accuracy and moderately lubricated. 

Table 2 shows values of P, for worm gears of pitch angles 
from 8 to 25 deg., in which the coefficient of friction a = 
0.03 and constant b = 0.05. 
attainable condition. 


This represents about the best 


Table 3 shows values of P, for worm gears of pitch angles 
from 8 to 25 deg., in which the coefficient of friction a = 
0.05, constant b = 0.05. This represents average practice. 

The pitch line of the worm normally slides on the pitch 
line of the gear. The angles are determined on those lines. 
As a matter of fact the angle is variable, being greatest near 
the roots of the threads and less toward the periphery. 
Worm gears tend to wear more rapidly than herring bone 
gears. This wear increases the clearance and causes back 
lash when the load is reversed. This trouble is particularly 
noticeable in the case of tandem gears. In the case of the 
direct driven machine there is no gearing, and P, may be 
given a value of 0.99 which allows for the friction in the 
armature bearing. 


Referring to the equations [16] to [20] it will be noted 
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that the mass aggregate is composed of two parts. The high 
speed component, consisting of the armature and attached 
parts, and the low speed component, which includes all other 
moving parts. In all geared machines the power required 
to impart velocity to the high speed parts is a considerable 
item. It is important therefore to so proportion these parts 
as to reduce their inertia as much as possible. 

Since the gear ratio and the diameter of the armature both 
enter into the equation as squares, the natural suggestion is 
to reduce the gear ratio and the diameter of the armature. 
We cannot do both; a reduction of the gear ratio requires 


| Cor [ lcor 

Load 1200 & toad 1200 


Drum MAacuINeE 
OVERHEAD, P =0.95 


1:1 Traction MaAcHINE 
OVERHEAD, P =0.89 
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lation of an elevator in a building in which the rise is 250 ft. 
We will assume that the ear weighs 3000 lb., the counter- 
weight 4200 Ib., the chains and cables 3200 lb. and that the 
maximum load is 3000 Ib. In this ease, the counterweight 
is 1200 lb. heavier than the ear and the maximum unbalanced 
load will therefore be 1800 Ib. The value of m in the for- 
mula will be as follows: 

For ear running empty, m = 10,400 Ib. 

For car with balanced load, m = 11,600 |b. 

For ear with full load, m = 13,400 Ib. 

In a building of the height stated, it would be usual to 


Load /20 


| 
> 
N 
or 
Load /200 
8 


2:1 Traction MaAcHINE 1:1 Traction MaAcHINE IN 
OVERHEAD, P=0.83 BASEMENT, P=0.83 


| 
| | 
™ 
| | 
VY | | | 
|\Car N al lo |Car Car 
|3000 S| |S |3000 3 3000 
load /200 & load /200 > Load /2( 
= ~ = = 
<> 
{ 
2:1 TrRacTION MACHINE IN Drum MAacHINE IN BASEMENT Drum MAcHINE IN BASEMENT, WITH 


BASEMENT, P=0.80 


P =0.93 


TWO VIBRATOR SHEAVES, P=0.89 


Fic. 1 DitaGRaMs OF THE ForMS OF RIGGING MOST COMMONLY USED SHOWING VARIATIONS IN PRECENTAGES OF Rope Drive Erricrency 


an increase of torque, which cannot be obtained without an 
increase in the size and weight of the armature, so the two 
conditions to some extent balance each other. 

Another consideration also tends to offset the gain of a 
low gear ratio. Owing to electrical conditions, we cannot 
deérease the surface speed of the armature without in a 
greater measure increasing its size and weight. Very slow 
speed motors are inefficient, difficult to control and do not 
readily meet the conditions of varying load. 

For the purpose of illustration, let us consider the instal- 


install a machine of the overhead traction type. We will, 
therefore, consider: 

First, A direct driven machine; diameter of armature, 32 
in. and weight 5000 lb.; diameter of brake-pulley, 36 in. and 
weight 800 lb.; car speed, 500 ft. per min.; and time of ac- 
celeration, 3 seconds. 

SeconpD, Machine driven by herring-bone gear; diameter 
of armature, 20 in. and weight 1400 lb.; diameter of brake- 
pulley, 18 in. and weight 100 lb.; diameter of gear, 36 in. 
and weight 1000 lb.; gear ratio, 6:1; gear efficiency, 97 per 
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cent; car speed, 500 ft. per min.; and time of acceleration, 
3 seconds. 

Tuirp, Machine driven by worm gear; diameter of arma- 
ture, 15 in. and weight 800 lb.; diameter of brake-pulley, 18 
in. and weight 100 Ib.; diameter of gear, 30 in. and weight 
500 Ib.; car speed, 300 ft. per min.; time of acceleration, 4 
seconds; gear ratio, 24:1; and gear efficiency, 0.86. 

In each case we will use a traction sheave 36 in. in diam- 
eter, weighing 1000 Ib., and an idler 32 in. in diameter, 
weighing 700 Ib. It should be here noted that, in the cases 
of the geared machines, the diameter of the driving sheave 
and gear can be increased without increasing the size of the 
armature. In the case of the direct driven machine this is 
not possible. The use of a 42-in. sheave slightly increases 
traction and very greatly decreases the wear on the cables. 

Using the weights and diameters above given in the formu- 
lae for mass aggregate, we obtain for the car running empty: 
First. - 

M- 10400 +0.85 X700 0.64 x1000 X32 +-5000( 43)? 
0.89 x0.99 0.99 2X3? 
= 12478 +646 +2375 = 15,499 
Second. 


MI _ 10400 +0.85 x700 0.642000  (100(45)? +1400( 43): gs 

0.97 2x3 
= 12736 +1320 +8228 = 22,283 

Third. 

M = 


10400 +0.85 x700 0.64 X1800 3) 24 
0.89 X0.86 OS6 
= 14365 + 1340 +47200 =62,904 


2x3? 


It is to be noted that the mass aggregate of the geared 
machine is much greater than that of the direet-driven ma- 
chine, and that this is chiefly due to the inertia of the high- 
speed component. The mass aggregate for the balanced load 
and the full load, if caleulated, will appear as in Table 4. 


TABLE 4 VALUES OF M, Mi, F, F’, T and 7; 


(See equations [11], [12], [15], [17] and [19}) 


Emery Car—1200 La. OvERBALANCE 


Ma- 
fs Start Stop Car Ascending Car Descending 
chine 
No M Mi I I I I F! I 
1 | 15500 12627) 1735, 28637 —208 -—1462 31735 —1363 3808 | 2700 
2 22883 18823 9059 35329 194 —189 39059 5312 794 459 
3 2904 52493 12450 32463 78 —51 36450 8463 228 130 
BaLancep Car 
1 | 16862 13683 18206 14780 2184 8&7 18206 14780 12184 879 
2 23673 19855 25563 21443 511 148 25563 21443 Sil 148 


3 64472 53405 25059 20828 156 42 25059 20828 156 42 


1800 Ls. Unspatancep Loap 


/—2089 38985 —251 


1 18905 15264, 42911 —6015 5149 3886 — 1678 
2 25759 21403, 50295 -—325 1006 661 5295 44615 106 —247 
3 66824 64773 43973 7263 255 186 7973 43000 30 —59 


In the case of machine No. 1, the armature makes 53 
r.p.m. and has a surface speed of 442 ft. per min.; this is a 
low speed for electrical efficiency and ease of control. In 
the case of No. 2, the armature makes 316 r.p.m. and has a 
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surtace speed of 1663 ft. per min.; this is a good speed both 
for efficiency and control. In the case of No. 3, the arma- 
ture makes 760 r.p.m. and has a surface speed of nearly 
3000 ft. per min., which is not required for electrical effi- 
ciency or ease of control. There is no excuse for using this 
high speed motor excepting low first cost. 

Having found values for F, 7, 7, corresponding to the 
specified values of v and t, we may proceed to the motor. If 
we are in possession of full data concerning the motors 
available for use, the formulae will show at a glance the most 
suitable motor. If no motor at hand will meet the condi- 
tion, it will be necessary to change either the velocity or the 
time of acceleration. 

It will be convenient to develop a few simple formulae 
which will give us an approximate estimate of electrical 
requirements. The following electrical symbols are assumed: 


Q = Energy in kw-hr. used per car mile in one direction for all purposes. 

q@ = Energy in kw-hr. used per car mile in making starts. 

q: = Energy in kw-hr. used by motor per car mile running at normal speed. 

g: = Energy in kw-hr. used by the motor per car mile exclusive of the distance 
traveled during the period of acceleration and retardation. 

qs = Energy in kw-hr. used per car mile during period of retardation. 

qa Allowance made per car mile for current used in relay and brake magnets 
(watt-hr.) 

y = Energy lost in starting resistance during the period of acceleration (watt-hr.). 

wi = Energy lost in stopping resistance during the period of acceleration (watt-br.). 

p = Percentage of efficiency of motor when operating under overload condi- 
tions to produce the torque 7. 

™m = Percentage of efficiency of motor when operating under running conditions 


to produce the torque 7}. 
K = Mechanical equivalent of 1 kw-hr. = 2,654,200 ft.-lb. 
E = Line voltage. 
= Number of starts made per car mile 


The items q, y and y, depend on the type of control used, 
and the extent to which the speed of the motor can be gov- 
erned by field regulation. They are practically fixed quan- 
tities which enter into the equation each time the controller 
operates. 

ELECTRICAL FORMULAE 


The car makes N starts per car mile and at each start F 
{t.-lb. of energy are used. We also have to consider the elee- 
trical efliciency of the motor and the loss in the resistance: 


FN 


The number of turns made by the armature per car mile is 
5280KR 
zD 

The running current per car mile will be 
5280 & 2RT RT, 
DKp, 

During each period of acceleration and retardation the car 
travels a distance approximately }ort at less than full speed. 
The total distance traveled at reduced speed in one ear mile 
is Nvt feet. Hence the distance traveled at full speed is 
5280—Nrt. 


and at each turn the energy used is 2x7 ft.-lb. 


[24] 


2RT, (5280— Nvt) 
DKp, 
Each time the car stops, a certain quantity of current is 
either used or generated and a certain quantity is lost in the 
resistances. 


K 
Ny, is negative for the reason that it is a loss, deducted 
from the generated current. 
Summing the several equations 
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Q V( — aF"p,)+ ———~ (5280 — Net) 
Dp, 
Viy+y,) 
[27] 
When F, F’ or 7, has a negative value, the part of the 


F’ 


equation in which the negation oceurs, changes to Ip, = or 


22RT, 

D 
mile is (5280 — Nt) seeonds; q, is estimated as 2.5 amperes 
tor this time. 


as the case may be. The time required to run one car 


Table 5 shows the variation between running and starting 
requirements is great. It is easy to see that the motors must 
have field regulation; a constant field simply would not 
meet requirements. There are many constant field motors 
used in elevator service for slow speed machines. In such 
cases the period of acceleration is unnecessarily long, the 
motor is heavily overloaded during this period and a great 
deal of current is lost in the resistances and in heating the 
armature. 

The compound field is good, so far as starts are concerned, 
but has disadvantages when stopping. The most satisfac- 
tory results are obtained with motors having variable shunt 
fields and provided with interpoles to govern the commuta- 
tion. The motor selected for machine No. 2 would have field 
regulation in the ratio of 1:3; that is, from a slow speed 
of 106 r.p.m. to the full speed 318 r.p.m. 
sistance would be in use less than 1 second. The resistance 
necessary to protect the armature at the instant of starting 
would be about 1.45 ohms. We will assume that part of 
A fair 
allowance for the current converted to heat in this resistance 
would be 3.3 watt-hr. per start with full load. 

Considering the starting conditions of the motor used on 
machine No, 1, it is evident that field control cannot be ap- 
plied to any great extent. In the case of this motor a varia- 
tion of speed of 1:15 by field regulation might be obtained. 
That is the slow speed on strong field might be 35 r.p.m. and 
the full speed 53 r.p.m. 


The starting re- 


this resistance is in use one second at each start. 


Under those conditions resistance 
would be used in the armature cireuit during a period of 
ubout 2 seconds. 

The slow speed armature has a high internal resistance, 
and therefore the external resistance necessary to protect it 
at the start would not be more than 1.27 ohms. We may 
consider part of this as being in the circuit about 2 seconds at 
each start. The current converted into heat in this resistance 
would be 7.2 watt-hours per start with full load. Consid- 
ering next the current used in stopping. In the case of 
machine No. 2, the ear speed is reduced to 166 ft. per min. 
by strengthening the field. During this time a small amount 
of current may be returned to the line. In the case of ma- 
chine No. 1, the speed of the car is reduced to 334 ft. per min. 
by strengthening the field. If F" has a large positive value, 
the speed must be further reduced by means of resistance 
parallel to the armature. This resistance passes a current of 
about 40 amperes across the line for a period, depending on 
the skill of the operator. This resistance is thrown across 
the line at every stop. In the hands of a skillful operator, 
the period of its use will be brief when 7" is small or nega- 
tive, and will last from 1 to 3 seconds when /" is large. An 
unskilled operator may make considerable runs under nega- 
tive loads, when the motor, which should be acting as a gen- 
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erator in the line, is merely heating resistance and a current 
of 40 amperes is passing across the line. 

It may justly be assumed that the armature parallel re- 
sistance is across the line 114 seconds at each stop with full 
load, and on this assumption, for machine No. 1, y, = 8 watt 
hours. 

The characteristics of a motor when running under uni- 
form load are readily obtainable. For the purposes of hoist- 
ing machinery, it is, however, equally important to know the 
characteristics of a motor during the period of acceleration. 
This data should be obtained in the testing room, in order 
that a proper comparison may be made between dilferent 
motors. Data obtained from tests on elevator machines is 
not specific for the motor. 

The questions which these tests should answer are: 

a Having a given load and a given mass to be accelerated, 
what is the period of aeceleration ? 

b What quantity of current was consumed during the period 
of acceleration? 

ec How much of this current was used by the motor and how 
much was lost in the control resistances ? 

ad What was the number of turns made by the armature dur- 
ing the period of acceleration ? 

No motor should be applied to hoisting duty until this 
data is known. 


TABLE 5 VALUES OF p AND m EXPRESSED AS PERCENTAGES 


AND y AND mw EXPRESSED IN WATT HOURS 


Empty Car—1200 Lbs. Balanced 


Overbalance Car 


1800 Lb. Unbalanced 
Load 

Ma- 

chine 

Both Direc- 


Ascending ‘ 
tions 


Descending Ascending Descending 


| | 
No.| p| Pim y ym miyviy 


1 |.50* .80* 6 


1 .50* .83* 4) 8 


80.90 5.3 2 |.90.85 5.5 4 |.75.85 7.2 
2 .60T .82* 2.4) .82'.92 3) 0 |.92 0 |.77..87 3.3) 0 .85* 2.5 0 


* Motor acting as a generator; use F X p. t Small current and low efficiency’ 
The values given are approximately correct for average performance. 


TABLE 6 ESTIMATED CURRENT IN KW-HOURS PER CAR MILE 


Empty Car—1200 | Balanced 1800 Lb. Un- 
Machine Lbs. Overbalance Car balanced Load 
Ascend- | Descend- Both Ascend- | Deseend- 
No. a u ing ing Ways ing ing 
| 
1 1/3 | 0.15 | -—0.992! 8.24 3.87 12.25 —1.60 
2 | 2/8 | 0.15 | -1.17 | 7.98 | 2.85 11.73 | 
Diff.| 2:1 | —0.178! 026 | 1.02 0.52 | 
| | 


Average for one round trip under each condition:—Machine No. 1, 4.27 kw 
per car mile; Machine No. 2, 3.36 kw per car mile. 
of these two machines is nearly equal. 


The line to load efficiency 
The advantage in this particular com- 
parison is with the geared machine, and is largely due to the increased range of 
field regulation of the motor used with this machine. 

From the above, the importance of having full informa- 
tion about the motor, independent of the machine to which 
it may be attached, is apparent. In conclusion, I wish to 
state that, while theoretical considerations may not enable 
us to predict results as accurately as test sheets will show 
them, no test sheet should be accepted as reliable unless it 
shows results nearly conforming to calculation based on 
sound theory. 
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FOREIGN REVIEW AND REVIEW OF PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 


N the end of 1912, Max Jakob stated that the determina- 
tion of ¢, of steam as a function of v from the Clausius 
thermodynamic relation is extremely difficult, since it de- 
pends on the curvature of the isobars in the v7 diagram, 
Which is very slight and ean searcely be determined accu- 
rately. As a result, equations which have v correct to one- 
tenth of one per cent may lead to values of ¢, several per 
cent wrong. Professor Goodenough, in his paper published 
in Vol. 34 of the Transactions of The American Society ot 
Mechanical Engineers, has, however, given an equation for 
deriving cy as a function of v. In the present issue is pub- 
lished an abstract of the repert of an investigation on spe- 
cific heat of superheated steam at pressures from 8 to 20 
atmospheres, by Knoblauch and Winkhaus, in which, among 
other things, it is shown that up to 8 atmospheres, the 
values trom the Goodenough equation differ from those 
found experimentally by less than 1 per cent; and that even 
in the region of superheat, at pressures as high as 20 atmos- 
pheres, it reaches only 2.5 per cent. As the author states, 
it is a surprising fact that, notwithstanding the inherent 
lack ot precision in the processes of determining c, from v, 
the Goodenough equation gives results in such close agree- 


ment with observed values. 


THIS MONTH'S ARTICLES 


Causes of explosions in air liquefaction plants are dis- 


cussed. In the same section is given an abstract of a dis- 
cussion of the theory of wind motors and derivation of a 
formula tor the useful power developed by same. 

Data of tests on Diesel engines when running light are 
given, showing, among other things, the variation of the 
indicated average pressure as a function of the speed of 
rotation and load. 

In the section Mechanies, are discussed torsional oscilla- 
tions of an engine shaft; in particular, of a Diesel engine 
having several cranked members, a flywheel and an addi- 
tional heavy rotating mass, such as a dynamo. The author 
gives a general method for the determination of the influ- 
ence of any number of masses on the vibration of the engine 
shaft. In the same section is given, in abstract, a statement 
of the laws of efflux of drops from capillary orifices. 

The use of centrifugal pumps on fire engines and a de- 
scription of the various methods of starting such pumps is 
discussed in an abstract from a German periodical. 

In the section Steam Engineering, in addition to the ar- 
ticle on specific heat of superheated steam at high pressures 
and temperatures above referred to, are given statistical data 
on boiler accidents in France during 1912 and an abstract 
of an article on the determination of pressure variations in 
steam turbines and of dimensions of nozzles by means of the 
Mollier JS diagram. 

In the section on Testing is described the Kapff oil test- 
ing machine, and some data are given on the bearing of co- 
hesion and adhesion of oils on their properties as lubricants. 

The gas power blower station of the Maryland Steel Com- 
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pany is described in a paper before the American Institute 
of Mining Engineers. 

An abstract of data on tests on concrete, in particular 
crushing tests and experiences with tremies of various sizes, 
is reported from the proceedings of the American Society 
of Civil Engineers. 

From the Journal of the Cleveland Engineering Society 
is taken a very interesting discussion on machine tool devel- 
opment in 1914, showing the trends of development and dis- 


cussing various new industrial and mechanical features. 

The use of electric furnaces for reheating, heat treating 
and annealing, their field of application and comparative 
costs, are covered in a paper before the Engineers’ Society 
of Western Pennsylvania. 

Henry A. Gardner, in the Journal of the Franklin Insti- 
tute, reports an investigation of some little understood phe- 
nomena in the behavior of paints; in particular, how paints 
are affected by fungus growths, enzymes and microdrgan- 
isms. 

On a special experimental engine at the University College, 
Dundee, interesting tests were made on the distribution of 
heat in the cylinders of a gas engine, reported from an ad- 
vanee paper published by the Institution of Mechanical En- 
gineers. 

The both 
vacuum, on which there is unfortunately so little published 


subject of pneumatic tubes, pressure and 
material, is diseussed in great detail from rich experimental 
data by Alec. B. Eason, in the journal of the Institution of 
Post-Office Electrical Engineers. 

Other subjects, such as new methods of the utilization 
of lignite coal tar, elastic properties ot steel at moderately 
high temperatures, the measurement of the eflicieney of do- 
mestie fires and handling fuel in extreme climatic conditions, 


are reported in other sections of the Engineering Survey. 


FOREIGN REVIEW 
Air Engineering 


Explosions IN LIQuEFACTION PLANTS THEIR 


CAUSES 


AND 


There have been several disastrous explosions in plants 
As a 
rule, it is quite possible to separate oxygen and nitrogen by 


manufacturing oxygen and nitrogen from liquid air. 


fractional distillation in the so-called countercurrent appa- 
ratus, but it appears, however, that these apparatus are 
sometimes subject to highly dangerous occurrences. 

The pipes of the column apparatus in which the oxygen 
is separated from the liquid air have to be thawed out at 
night because of accumulation of ice. This thawing out 
process is usually carried out with warm water and, in the 
meanwhile, the operation of the plant is interrupted. In one 
ease, the attendant was busy thawing out the pipes while a 
laborer was removing the insulating cork. The foreman had 
most strictly prohibited the use of a torch, but notwith- 
standing that the attendant did use one, as he 


the torch 


was seen 


earrving inside. Immediately thereafter, there 


= 
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eccurred an explosion which threw aside heavy iron beams, 
blew up the root’, killed the attendant and did a lot of other 
damage. The explosion was followed by a fire. It seems 


reasonable to believe that the attendant approached with 
his torch too close to the insulating cork of the column ap- 
Whether the ex- 


plosion was due directly to the explosive combustion of the 


paratus and in this way ignited the mass. 


cork or was accompanied by the explosion of illuminating 
gas has not been established. ‘Tests have shown, however, 
that the extremely porous cork used in this kind of appa- 
ratus accumulates in a very short time such large amounts 
of oxygen in its pores that it becomes highly explosive. 
Another 
liquefying plant is also of great interest. 


explosion which likewise occurred in an air 
It oceurred in a 
plant manufacturing from liquid air pure nitrogen to be 
In this case the 
separation apparatus exploded, mortally wounding the fore- 


used for the production of calcium nitrate. 


man. In this apparatus, the air was compressed to four atmos- 
pheres, and was thence led to the liquefaction system where 
it was allowed to trickle in a column apparatus 3 m. high. 
The nitrogen evaporated while the oxygen collected in two 
In order to free the nitro- 
gen from the last traces of oxygen, a part of the nitrogen 


vessels connected by an overilow. 


compressed to 100 atmospheres flowed in a thin spiral 
through the countercurrent helix and through the collector 
tilled with liquid air or oxygen, whence it flowed freely into 
While this was done, the last 
traces of the oxygen contained in the nitrogen were liquitied 


the upper part of the column. 


and tlowed down into the collector, and this, as well as the 
column, was equipped with a safety valve which prevented 
the pressure therein trom exceeding 0.5 atmospheres. 

The explosion, which caused a large amount of damage, 
was not due to excessive pressure, as the presence of a 
safety valve protected it from that. 
tions appear to have been heard and it seems that the col- 
lector was the first to be destroyed, whereupon the oxygen 
flowing out produced an explosive combustion of the insulat- 
ing silk. After the first detonation, the foreman rushed to 
the apparatus but was thrown back by the second explosion, 
Previous to that another 
explosion of a similar nature had taken place, which was 
aseribed to the fact that in some manner or other the air 


Two separate detona- 


and hurled against a compressor. 


taken in contained traces of acetylene and that copper 
It does not 
appear likely, however, that copper acetylide would decom- 
pose explosively at a temperature as low as that of boiling 
liquid air. 

The author describes a third explosion which destroyed an 
entire faetory and caused a heavy loss of life. The persons 
who were in the factory saw a bluish flame, similar to that 
of lightning, start from the ground. Then a big gray cloud 
ot dust was seen and finally a tremendous detonation was 
heard, after which the building practically collapsed. Some 
of the bodies recovered from the ruins were found to be ter- 
ribly mutilated. The separation apparatus had entirely dis- 
appeared and there was an immense hole in the wall near 
which it stood. From the testimony of the workmen who 
were in the factory just previous to the explosion, the fol- 
lowing is what apparently occurred: The chief engineer and 
his assistant had started the plant in the morning and it ap- 
peared to be working all right. They forgot, however, to 
blow off the dew which accumulated in the apparatus after 
it had been standing idle over Sunday and had become some- 


acetylide, which is highly explosive, was formed. 
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what warm. Notwithstanding the most careful cleansing of 
the air previous to its admission into the liquefaction system, 
a certain amount of water settled down as ice in the sepa- 
ration apparatus; this had to be melted and removed from 
time to time. A couple of hours after the plant was started, 
the foreman inspected it and found everything in order, but 
When the 


engineer, Who was working the apparatus alone, did not know 


apparently the apparatus had simply frozen. 


what to de, he went to the superintendent and was ordered 
by him to thaw out the apparatus, the superintendent then 
withdrawing to take care of his clerical work. The engineer, 
however, notwithstanding strict orders not to bring any fire 
or hot objects near the apparatus, heated, by a toreh, up to 
red heat, a large wrench used for tightening the stuffing 
boxes of the expansion valves, and put it into the expansion 
vaive when the insulation of the apparatus apparently caught 
fire. 

Some other cases of explosions in air liquefaction plants 
are likewise described. From all these, it appears that the 
causes of explosions may be divided into two classes—one, 
which is obvious, produced by the prohibited use of an open 
flame, and the other, less obvious, due probably to some sort 
ot chemical action or freezing. 

The author calls attention to the following facts as serving 
as possible explanations ot explosions of the second class. 
Essentially, air consists of a chemical mixture of oxygen 
and nitrogen, in addition to which there are present in it, 
water vapor, carbon dioxide, complex gases and the so-called 
noble gases, such as argon, metargon, helium, xenon, neon 
and krypton. The essential properties of these noble gases 
are that they apparently do not enter into any chemical com- 
The 


most important of them is argon, of which there is present 


bination either among themselves or with other gases. 


in the air approximately 0.935 per cent by volume. It 


liquefies at — 186 deg. cent.; oxygen at — 184 deg. cent. and 
nitrogen at — 194 deg. cent. In apparatus where nitrogen 


is produced and where, therefore, a very low temperature 
has to be maintained, it is quite possible that argon settles 
down in the pipes, forms an ice-like mass and in this way 
bottles up the air passages, thus raising the compression of 
the gas up to the point where it explodes the apparatus. 

It is also possible that argon brings about explosions in 
another manner. Essentially, the noble gases have not a 
molecular, but an atomie structure; that is, they consist of 
single atoms. It is, however, possible that this structural 
property changes at very low temperatures, and in the argon 
ice the atoms of the gas combine into a comp'ex gas, which 
Similar 
explosive dissociations may also take place in the ease of 


dissociates explosively when the temperature rises. 


peroxide of hydrogen and ozone. 

Another source of danger which may cause explosions is 
the presence of combustible substances in the liquefied air, 
due, for example, to the penetration of oil from the com- 
pressors or perhaps of products of decomposition of lubri- 
cating oil formed in the compressors under the influence of 
the heat of compression. It is also well to bear in mind that 
in the atmospheric air there are present small amounts of 
hydrogen and methane, and it is quite possible that if both 
gases are present in equal amounts they may, after a cer- 
tain length of time, appear in quite substantial quantities in 
liquefied air. Considering that air liquefaction plants have 
usually an output of 400 eu. m. (14,125 eu. ft.) per hour, 
or 4000 eu. m. per working day of 10 hr., and considering 
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further that there may quite easily be 0.05 per mil of me- 
thane, this would be equivalent to 200 1. (52.8 gallons) of 
liquid methane, an amount sufficient to create a tremendous 
explosion in the presence of liquid air or oxygen, 

There is one more facet which has to be borne in mind. 
Ozone may convert hydrocarbons into highly explosive com- 
pounds so-called ozonides or peroxides, Harries produced 
such explosive compounds even from hydrocarbons having 
annular toluol, and from 


formation, such as benzole and 


other derivatives of methane. Saturated hydrocarbons, such 
us methane, produce explosive substances of the peroxide 
type and can be converted into formaldehyde and formic acid. 
From methane derivatives are also produced ozonides proper, 
which in most cases are highly explosive, and in the presence 
of water dissociate into aldehydes and peroxide of hydrogen 
Unsaturated ketons, aldehydes and single-base acids of fats 
combine with four atoms of oxygen thereby also forming ex- 
plosive compounds, It appears, therefore, that unless ex- 
treme-care is exercised, there are numerous sources of danger 
in the production of liquid air and its component gases. 
(Beitrag zur Klarung der Explosionsursache in Luftver- 
Bramkamp, Zeits. fiir kom- 


primierte und fliissive Gase, vol. 16, no. 12, December 1914, 


flissiqungsanlagen, Dr. W. 


D pp. 


dp. ) 
Wixnp Morors 


This paper is a discussion of the theory of wind motors, 
and derivation of formulae for their design. 

Considering an element of a wing resulting from the in- 
tersection of a wing by a cylinder of radius r having for its 
axis the axis of rotation OX, this element rotates about that 
axis at a speed of » revolutions per sec., and is subjected to 
the action of a wind blowing at a velocity of V meters per 
sec. in the direction of the axis. For all points of that ele- 
ment the relative direction of the wind will be the resultant 
of the velocity of wind V and the tangential peripheral ve- 
locity of the element 2anr. Denoting the angle of this re- 
sultant with the direction OX by 8, we have the relation 

tan B = 

The element under consideration is directed along the radius 
r, so as to make with the direction parellel to OX, an angle 
8 + a such that its incidence with the relative wind be z. 
It we project on the axis OY the two components R, and R, 
of the resistance offered to the element by the air in motion, 
and multiply these projections by the peripheral speed, we 
shall obtain an expression for the useful power developed by 
the element, viz. : 

Ry 

dP, = R,(cosB — sing )2zur 


This ean be expressed as a function of tanB (which, for the 
sake of brevity, is denoted by z), in which case we shall have: 


Rk, 1 
adP,=R,V | 1——— 
V1+2 
The resistance is 
R, = SW'K, 
where S = L dr is the area of the element, L being its width; 


W the resultant velocity, = cop , and Ky, unit raising com- 
cos 


ponent depending on the section of the element and its in- 
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kK, 
cidence x; further, the ratio. can be replaced by .. . If we 
R, kK, 


substitute these values into the expression for dP,, we find: 


Ke 


Assuming that the width of wing L is constant, and is a frae- 


dP, 


tion of the radius, say 1/6, we have 
r 
L =—- = 
6 
is that value ot tan8 which prevails at the top of 
the wing. Taking further that the wing is made up by plac 


WwW here 


ing side by side, along the radius r, elements similar to the 
one just considered, all directed in the same way as it with 
K, 
respect to the resultant of velocities, so that the ratio 

Ny 
is everywhere the same, we can find the formula for the useful 


power of a wind motor having a wings, by integrating the 


expression for dP, between the limits l and z, Z: 
al (*% 
K, 


ol carrying out the integration between the above limits, we 
find: 


2 1.94 227 )V1l-+2- 
8 


Kk. 


It we denote by —1 the term by which is multiplied, 
and by B the second term, we obtain 


B—— A ], 
Kk, 
A and / are positive within the limits of integration. 
This expression shows that as z increases from 2 1, the 


values of P, are positive, that they start from zero and rap- 
idly increase, and that P, again becomes zero for a value otf 


where 


z such that B — A. 
kK, 


value of P, is determined. 


The author shows how the maximum 


(Sur les moteurs a vent, M. 
Drzewiecki, Comptes rendus des séances de VAcadémie des 


Sciences, vol. 160, no. 16, p. 513, April 19, 1915, 4 pp. tm.) 
Firing 
New Metrnuop or Utiuizine Lignire Coat Tar 


Lignite coal tar obtained as a by-product from gas pro- 
ducers is usually quite unweleome because there is no use 
for it and its elimination involves trouble and expense. Be 
cause of its high content of water (up to 40 per cent) it is 
not commercially profitable to handle. The author in this 
connection has proposed to reintroduce the tar into the gasi- 
fication chamber of a producer gas furnace and to gasif'y it 
there. This was done and it was found that the otherwise 
undesirable high water content did not matter here because 
the water escaped together with the tar, vapors and am- 
moniaeal water and tar coming from the hard coal. A part 
of the tar vapor, mainly the heavier hydrocarbons, remained, 
however, in the gas, 

The tests were carried out in the following manner: The 
tar was thrown in the gasification chamber of a producer on 
the glowing coke cakes and the gas generated in that cham- 
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ber was carried away through a separate pipe direct to the 
apparatus in the testing laboratory, the tar produced in that 
chamber being also handled separately. The lignite coal tar 
was added during the period from the 20th to the 23rd hour 
of gasification; that is, it was stopped just one hour before 
the taking out of the coke cake. The amount of tar supplied 
was 100 kg. (220 Ib.), approximately the same as is taken 
out in producer gas production per chamber. 

The tests have given the follownig results. Before the be- 
ginning of the coal tar additions, the gas had an average 
heating value of 3580 calories (6444 B.t.u. per Ib.) at zero 


deg. cent. and 760 mm. barometric pressure. During the 
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period of addition of the tar it stood around 3950 calories 
(7110 B.t.u. per lb.), which indicates that unless the lignite 
coal tar were added, the heating value of the gas during these 
three hours would, instead of rising, have sunk from 3580 
to 3420 calories and probably even below that. The author 
shows further that the gases produced from the tar were 
equivalent to 229,600 calories, equal to 44 cbm. of gas of 
5200 calories (9360 B.t.u. per Ib.). 

The author goes through a detailed calculation and shows 
that in the above escaped gas the lignite tar had at least a 
value of 3.40 marks per 100 kg. ($0.36 per 220 lb.). (Ueber 
ein neues Verfahren zur Verwertung des Braunkohlenteers, 
Viktor Schon, Journal fur Gasbeleuchtung, vol. 58, no. 17, p. 
216, April 24, 1915, 2 pp. d.) 
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Tests ON DigesEL ENGINES WHEN RUNNING LIGHT 

No-load runs on Diesel engines can be classified in three 
groups: 


which oceur, for example, when, in a two-cylinder motor, one 


First, no-load runs without ignition in the eylinder, 


evlinder drags the other; second, no-load runs with ignition 
but without load, in which case only enough power is devel- 
oped in the eylinder to overcome friction; and third, running 
light with ignition under load on the engine. 
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CurVES FROM TESTS ON DieseL ENGINES WHEN RuNNING LIGHT 


The no-load run proper is necessary to overcome all the 
internal resistances and depends, therefore, partly on the 
The 


action of the flywheel has to be considered separately in this 


design and partly on the workmanship of the engine. 


connection, as, because of air friction and windage, it often 
takes up quite a considerable amount of horse-power, increas- 
ing as the third power of the speed of rotation. With our 
present state of experimental information on this matter, it 
is difficult to determine analytically the amount of power con- 
sumed by a flywheel, while it is also diflicult, if not impos- 
sible, to carry out a comparative test without a flywheel. If 
the speed of rotation is constant, the influence of the fly- 
wheel may naturally be neglected because the amount of work 
done by the flywheel can hardly vary; otherwise, the re- 
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will be somewhat lacking in precision. 
The experiments deseribed below have been carried out 


sults obtained 
on a single eylinder Diesel engine of 50 h.p., on which, by 
varying the speed, an output as high as 70 h.p. could be 
secured. 

The moment of torsion is 


dw dn 
) 
dt P30 dt 


where /p is the polar moment of inertia of the flywheel in 


My Ip 


kgm. see.’, » the angular velocity in see.’, and n the r.p.m. 


TABLE 1 DIESEL ENGINE RUNNING AT LIGHT LOAD 
A 
dn , 
‘ mkg PS 
dt oon 
0 0 0 0 0 
20 sO 137.6 1 S4 
20 0 160 275 3.06 
240 412.8 5.5 
sO 320 7.34 
100 OSS 9 17 
ow 120 iso S40 11 
70 140 12.8 
sO 165 wo 1551 20.6 
200 2280 3870 51.6 
B 
\ pr Nu 
26.2 2.09 20.3 
2.16 20.9 
| 2.38 23 
61.3 2.35 22.5 
65 2.54 24.5 
67.5 2 SS 5.5 
Cc 
Ve pr Nu 
0 2.62 34.8 
24.1 2.55 34.2 
2.5 2.2 29.3 
60 2.34 $1 
70 2.4 32 
80 2.44 33 


of the engine. In order to produce this moment of torsion is 
required the work 

9.86 dn? 
Mdo - Ip 

1800 dt 
and to caleulate L, it is necessary to determine Jp and n as a 
function of time t. The value of Ip can be determined either 
experimentally or analytically, the latter being somewhat 
uncertain. In the present ease, the analytically determined 
weight of the fly-wheel differed from that determined by 
actual weighing by 1.4 per cent, which tends to show that 
the mass used for the determination of J has been selected 
with sufficient precision to satisfy practical requirements. 
Such a caleulation gave for J, a value of 310 kg.m.see.’. 


L = 
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The power was 
shut off, the engine allowed to slow down freely and in 10 


n=f.(t) was determined experimentally. 


minutes the speed of rotation was read by a tachometer. The 
f(t) 
revolutions): n =f,(t) is also 
250 


by graphie differentiation, the third curve 


results obtained in this way are plotted in Fig. 1A as n 
(scale Imm = 0.039 in. = 2 
plotted (scale Imm = 0.039 in, = 


dn® 
— f(t) was drawn to such a seale that lmm = 10. 
Equation [2] becomes in this case. 
2 
dn 
L 
dt 
The results thus obtained are presented in Table 1A, in 


The 
last series of figures in this table are not fully reliable, be- 


which the last column gives the power consumption. 


cause an element of uncertainty crept into the construction 
of the 
diagram of Fig. B with the notation * Case [.” 


tangent. These figures have been plotted on the 
This curve 
from » = 140 on has been plotted epproximatively. 

Tables B and C give the data of tests made on the same 
engine at constant speed: » = 180 r.p.m. and n = 250 r.p.m, 
In these tables Ne denotes the effective horse-power, Nu, the 
horse-power at no load, pr, the average pressure at no load 
in kg/em* (1 kg/em* = 14.22 Ib. per sq. in.). 

For plotting the curve, (“ Case 2”), can be applied only 
a method in which interpolation is used, because with the 
present design of Diesel engine a “stationary” no-load 
operation is very diflicult to obtain, and properly conducted 
tests at no-load always show a higher output of work than 
at load, 


actual no-load work ean be obtained the “ ideal,” if, as shown 


By means of interpolation, however, from the 
in Fig. B, Nu be plotted as a function of Ne and the curve 
extended to Ve = O. In this way the dotted curve for the 
* ideal ” The 


actual no-load curve lies above the dotted line and is shown 


no-load work, (* Case 2”), is determined. 


for “ Case 2” in full line. If it be desired to draw a com- 
parison between no-load works at different speeds of rotation 
and at different loads, the indicated average pressure pr must 
be considered. In Fig. C, the values of pr given in Tables 
2 and 3, are plotted as functions of the effective horse-power. 
This diagram shows that at high loads (that is, not at no 
load) the indicated average pressure of no-load decreases 
as the speed of rotation increases. This is shown with par- 
ticular clearness from Fig. D, representing the data ob- 
tained in the tests of Seyliger (Zeits. des Vereines deutscher 
Ingenieure, 1911, p. 587). 

Fig. E, 


abscissae, are used the effective horse-power, and as ordi 


These tests are transferred also to where, as 


nates, the speed of rotation, the values of pr being assumed 
that the 
inerease 


respectively constant. These curves show at once 
no-load work, at the same effective load, does not 
in direct proportion to the speed of rotation, but remains 
somewhat below proportionality. Nevertheless, the mechan- 
ical efficiency for the same value of effective load must de- 
crease with the speed of rotation. From Fig. E can be seen 
the values of pr and nm for the effective load Ne = 225, 
Since, however, the indicated work is 

Ni=Cp'n 
where C is constant, and since it increases in the present 
ease, notwithstanding the fact that Ne remains constant, it 
follows that, while the work increases, the mechanical effi- 


ciency decreases. If the speed of rotation increases, the in- 
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dicated average frictional pressure decreases for the same 
value of Ne, which leads to a lower mechanical efliciency. 

Attention must further be ealled to the fact that the larger 
the dimensions of the cylinders or the greater the units under 
investigation, the smaller becomes the value of pr. In prae- 
tice, it has been found that in multicylinder motors, pr per 
cvlinder decreases also. 

Further, there must be taken into consideration, also, the 
influence of the air pump. In the above described tests, the 
air pump, which plays an important role in the determina- 
tion of mechanical efficiency, has been taken into account 
because that corresponded to the actual conditions. 


v2 


Fic, 2) Torsionat OsciLLaTIoNs OF a Dipset ENGINE SHAFT 

In order to draw comparisons, more precise investigations 
should be carried out, with and without counting the air 
pumps. Practically, however, this did not constitute any 
serious mistake, because the power consumption to the air 
pump in very large units is negligibly small as compared 
with the total output. (Versuche iiber die Leerlaufarbeit 
von Dieselmotoren, Arthur Balog, Oel- und Gasmaschine, vol. 
15, no. 1, p. 1, April 1915, 4 pp., 7 figs. et.) 


Mechanics 


TORSIONAL OSCILLATIONS OF AN ENGINE SHAFT 


The article is an investigation of the influence of tor- 
sional oscillations on the behavior of a Diesel engine shaft. 

In the case of a Diesel engine which developed irregular- 
ities in action after passing a certain speed of rotation, it 
appeared likely that this irregularity may have been due to 
torsional oscillations. The shaft had four cranked mem- 
bers, a flywheel and, next to it, a dynamo. Therefore, apart 
from the mass of the shaft proper, these masses might have 
been taking part in the torsional oscillations; the moments 
of inertia of the flywheel and dynamo were, however, so 
much in excess of these others that they should have had a 
determining effect on the natural frequency of vibration of 
the shaft. At first glance, it did not seem possible to ascer- 
tain how great an influence was to be ascribed to the other 
masses and this necessitated an analytical method of ealeula- 
tion, which finally led to the method described in this article, 
permitting the determination of the influence of any number 
of masses on the vibration of the engine shaft. 

Fig. 2 shows diagrammatically a shaft with a fairly large 
number of masses of which the moments of inertia about the 
axis of the shaft are indicated by J,, J, ...... J, The num- 


ber and type of the bearings are not considered here because 
no attention is paid to the moments of friction; the air re- 
sistance exerted on the surface of the rotating masses is also 
left out of consideration. If a shaft develops free torsional 
oscillations, it is acted on by moments of torsion which vary 
by the amount J, 
dé 
inertia of a mass exceeds J, and the instantaneous angle 
of torsion against the vertical (Fig. A) exceeds ¢,. The 
section of the shatt located between the i-th and the (i+-1)th 
masses is twisted by the moment of torsion M, through the 
angle ?, for which case the relation M, 


J,?,, only when the moment of 


Cid holds good, 
By a process of mathematical analysis which has to be 

omitted here because of lack of space, the author arrives at 

the following two equations which fully determine the be 

havior of a shaft under conditions stated above: 

and 


where 
C, 
y With its subscripts refer to constants depending for their 
magnitudes on the constants of the shaft and masses held on 
it. The difference of angles (ep. Fig. A) = and 


v1 
|1| is an equation of the (n 
values of & 


1)th power for the (n—1) 
which can be solved by any known analytical 
or graphical methods. When forced oscillations arise, one 
may expect as many resonances as there are values of @. 
In most cases the minimum value of 3 is of interest, and it 
can be usually determined approximately. This being done, 
the determinant of {1] is ealeulated with several values of 4 
near to the value found approximately (which is not difficult 
even with a large number of masses because of the many 
zeros in the determinant), and the values of the determinant 
are plotted on a system of codrdinates as a function of 2. 
A curve through the points thus found gives a sufficiently 
close approximate value of 4. 

Actually, because of the damping of oscillations, the great- 
est deflection will occur with the smallest 3, and even before 
that the deflections will become excessively large. Further, 
in order to avoid excessive vibrations, it is necessary to have 
the smallest periods of free oscillations considerably greater 
than those of the forced oscillations. 

The following example shows the application of the above 
process. For the 
the oscillations are due mainly to the action of the flywheel 
and dynamo, here considered as masses 5 and 6 (the four 
cranked sections are denoted as 1 to 4). 


“ase discussed above, it is assumed that 


Then, from equa- 


tion [1] 
+ = 0, 
or 
K +K C, 
55 J, + J. 


It was further found that for the flywheel J, = 500,000 
kg/em-see.’, and for the dynamo J, = 36,000 kg/em-see.’, 
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while C, (constant for the section of the shaft between fly- 
wheel and dynamo) is 1.68 * 10° kg/em. Henee 

4 = 5006 and 3 = +708 


70.8 30 


which corresponds to a speed of = O77 r.p.m. 


The author shows further that the presence of the cranked 
portions of the shaft does not materially affect the oscillatory 
process, 

Harmonie analysis of the tangential pressure diagram in- 
dicates that resonance is likely to oceur only with moments 


oft the second or fourth order. It was therefore to be ex- 
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subject to sudden increases so that at high velocities the 
weight of the drop may be substantially greater than that 
which it had when it passed through the first maximum. 

The author made a series of tests with 15 tubes of different 
external and internal diameters, the internal diameters vary- 
ing from 0.4 to 2.4 mm. and the external diameter from 2.3 
to 7mm. He expresses the results obtained in the following 
four laws: 

First. The product of the internal diameter d by the in- 
terval of time between two drops 7. corresponding to the 
first 


maximum is a constant A, or simple multiple of this 


number. From the lrequeney zero to that which corresponds 


Srarting Devices ror Firt 


pected that material oscillations would arise at speeds of 

677 O77 
= 339 or n= = 169 Actually, 
however, the speed of the engine, because of oscillations, 
could not be brought above 162 r.p.m.  (Torsionsschwing- 
ungen einer Dieselmotorwelle, Otto Mies, Dinglers polytech- 
nisches Journal, vol. 330, no. 6, p. 101, Mareh 20, 1915, 3 pp. 
1 fig. tm.) 


Laws or oF Drops FrrRoM CAPILLARY ORIFICES 


In a previous note, the author has shown that the weight 
of drops eseaping from a capillary orifice is a rather com- 


plicated function of the frequency of fall. As this frequency 


increases, the weight of the drops at first increases, passes 
through a maximum, and then decreases rather rapidly, 
being, however, at certain critical values of frequency 


Pumps 

to the first maximum, the weight of the drops varies nearly 
in a straight line with the frequeney (after the passage of 
the first maximum the inverse variation becomes more rapid). 
This straight line as defined above determines, by extva- 
polation, the weight P » 
This being so, 


corresponding to frequency 
Second. Quotient of the increase of weight 3 = Pm — 
Po of the drop from the origin to the first maximum by the 
internal diameter d is a constant number PB or a simple mul- 
tiple of that number. 

Third. A quotient of the weight P @ (at the origin) 
by the external diameter D is a constant number C. C is, 
however, different from B and in addition to that for tubes 
for a diameter in excess of 5 mm. it is different from that 
for tubes with a smaller diameter. 


Fourth. From the instant of sudden increase of the 


if 
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weight of the drop, the quotient of this increase of weight 
or to a simple multiple of it. (Sur les lois d’écoulement par 
gouttes par les orifices capillaires, Kh. Vaillant, Comptes ren- 
dus des Séances de l’ Académie des Sciences, vol. 160, no. 18, 
p- 596, May 3, 1915, 3 pp., te.) 


Pumps 
CENTRIFUGAL PuMPs FOR FIRE ENGINE SERVICE 


The article discusses the use of centrifugal pumps on fire 
engines, a test of such pumps carried out in the Berlin Fire 
Department Works, the priming of pumps by various means, 
and their designs. 

In Berlin, two types of fire engine equipment are used— 
one storage battery driven and the other pure gasolene driven. 
During the recent tests of the storage battery driven engines, 


it happened that after the engine had been running for 
about 48 km. (29.8 miles), the current began to give out. 


The car was immediately shifted into a side street and the 
battery recharged right on the spot by a gasolene engine in- 
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in the air in the centrifugal pump and in the suction piping, 
As 


soon, however, as the water has risen sutliciently, and the 


and thereby forees the water column to rise by suction. 


blade wheel is enabled to create a difference in pressure be- 
tween the suction and pressure chambers, there is created an 
axial thrust on the blade wheel which forees it away trom 
the air pump. The axial thrust is created through the dit- 
erence in dimensions of the diameters of the lateral packing 
rings of the blade wheel. When the machine stops, the 
coupling of the air pump with the centrifugal pump is re- 
stored through the action of the spring. 

In the estimation of the author considerable difficulty hes 
in the design of a suitable air pump. The so-called rotary 
pumps can be applied only with considerable ditliculty be- 
cause of the high speed used here in most Cases. Besides, 
it is difficult to eliminate entirely the axial thrust, which is 
studiously avoided in all other types of centrifugal pumps. 
It appears, however, that good results were obtained with 
this arrangement at low speed, say, 600 r.p.m. 

In the fire pump covered by the French patent 455,557 


tended for driving the pump. For use in ease of fire in and shown in Fig. B, a special reciprocating pump is used 
for creating a vacuum in the 
TABLE 2 VALUES OF cy centrifugal pump. The vacuum 
pump is built in direetly on 
| } | 2 | w | 20 the centrifugal pump, and in 
sat j 
tion 80,97C | 99a | 158, | 169.6 179,1 | | 200,85 | 2068 | 2114 the piping leading from the 
i 
| centrifugal pump to the air 
0.478 0,487 | 0,501 0,538 0,555 0,584 0,613 0,642 0.671 0.609 0,729 | 0,760 
130 0,467 | 0.477 0,495 means of which the air pump 
140 0,466 0475 | 0,491 | - - - 
| | | | - - | - | can be shut off from the 
180 0.465 0,471 0.479 0,503 0,831 0,567 - - | - - a a there was provided in the same 
190 0.466 | 0,478 0,498 0,529 0,552 0,588 0,633 - | _ 
200 0,467 | 0,471 0,477 0,494 0,614 0,580 0,569 0,606 — - piping a screen to prevent for- 
210 0.467 | 0.471 0.477 0,491 0,508 0.598 | 0,558 0.581 0,617 | 0,658 | 0,709 - 
220 0468 | 0,472 | 0,477 0,488 0,508 0,620 0,540 0,5¢4 | 0,593 | 0.626 0,666 0.718 eign bodies from ente ring the 
230 0.469 0,472 | 0,477 0,487 0,408 0,518 0.530 0,561 0,575 0,608 | 0,685 0,672 . 
t=} 240 0.470 0,472 0.477 0,486 0,495 | 0,507 | 0,592 0,541 0,861 | 0.583 0,608 0,840 air pump; the latter is so 
250 0471 0,473 0,477 0,485 0,493 0,504 | 0,517 0.532 0,649 0,568 0,589 0,615 built. however, that the water 
260 0,477 0,485 0.498 0,501 | 0,512 0.526 0,540 | 0,587 0,574 0,595 . 
270 0,473 0.474 0,478 0,485 0,491 Oso9 | 0,509 0.591 | 0,836 | 0,648 | 0.563 0.680 that may penetrate into it will 
280 0,475 | 0,479 0,485 0,491 0,498 0,507 0,517 | 0,599 | 0,541 | 0,586 0,568 
290 0.475 | 0,476 0,480 0,485 0.491 0,497 0,505 0,615 | 0,695 | 0,536 | o.sat | 0,589 do no harm. This pump was 
300 0,476 0.478 | 0,481 0,486 0.491 0,497 0,506 0,618 | 0,592 | 0,532 0,548 0,552 ale 
once used as an auxiliary pump 
310 0,477 0,479 0.482 0,486 0,491 0,497 0,503 0,512 | 0,520 0.539 0,537 0.547 
$20 0.478 | 0,480 | 0,488 0,487 0,492 0,497 0,503 0,531 0,518 0,526 0,536 0,548 ln a water supply Svstem, and 
330 0.460 | 0482 | 0,086 0,488 0,492 0,498 0,503 0,610 | 0,817 0.524 0,531 0,538 
340 0481 | 0482 | 0,485 0,489 0,493 0.498 0.503 0.510 | 0,516 0,522 0,535 it was found that the centrif- 
350 0,482 0,483 0,486 0,490 0.494 0,499 0,504 0,509 | 0.515 0,581 0,527 0,533 > 
360 0.484 | 0,485 0,487 0,491 0,495 0,500 | 0,506 0,509 0,514 | 0,520 0.525 0,631 ugal pump ran for ten days 
370 0,485 0,486 0,488 0,492 0,496 0,501 | 0,505 0,510 | 0,614 0,519 0.529 rainst a sneti 
380 0,486 0,487 0 490 0.498 0,497 osor | 0.506 0,510 | 0,814 0,518 | 0,523 0,598 against a suction head of 9 m. 


suburbs, however, engines with a pure gasolene drive are 
used exclusively. 

One of the difficulties to be overcome in the design of a 
centrifugal pump lies in the fact that the pump is not self- 
starting, and requires some auxiliary device either for creat- 
ing a vacuum to raise the water from water level to the 
pump or for priming. This is done in several different ways; 
for example, German patent 263,112 employs a rotary air 
pump coupled directly to the shaft of the centrifugal pump 
and arranged in such a manner that, after the latter is filled 
with water, the air pump is automatically uncoupled from the 
centrifugal pump. As shown in Fig. 3A, on the prolonga- 
tion of the shaft of the centrifugal pump is placed one-half, 
a, of a removable friction coupling, while the other half, b, 
is on the shaft of the air pump. When the aggregate is 
at rest, the air pump, because of the action of the spring c, 
is coupled with the centrifugal pump and the rotary part of 
the latter is displaced towards the suction side. If, however, 
the aggregate is started, the air pumped through pipe d sucks 


(26.2 ft.) without having once 
broken off the water column. 

The German patent 200,765 (identical with the English 
patent 20,595) utilizes the suction of one or more cylinders 
of a multicylinder explosion motor for the priming of the 
centrifugal pump. The patent specifically provides for the 
interposition of a float in the connecting piping, whereby 
the entrance of water into the cylinder or cylinders of the 
motor is prevented. The float valve is arranged in such a 
manner that, as soon as the rise of water connects with the 
atmosphere, the further suction of water is stopped. If it 
proves possible to keep the water from the cylinders of the 
engine, the practical value of this invention is quite ¢con- 
siderable; otherwise, it is of no value. 

The French patent 429,270, belonging to the same English 
concern, utilizes for this purpose the arrangement shown 
in Fig. D. In the connecting piping is inserted a tank a 
filled up to a certain level with mereury. Around the pipe 
b reaching down into the mercury, is concentrically located 
the pipe c, the lower end of which is immersed in the mer- 


cury while the upper end is provided with openings, d. With 
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properly adjusted cocks e and f, the suction of the air pump 
torees the water into the tank a, delivers it through slot g 
into # and causes such a rise in the level of the mereury in 
pipe b that the opening of this pipe is cut off by the mer- 
cury. If the vacuum increases still more, the mercury rises 
to the level i, whereby the entrance of the water into the 
pump is cut off. 

Of the several devices utilized for starting centrifugal 
pumps, the arrangement for maintaining a reserve of water 
on the pump shown in Fig. E is typical. (Patented in Ger- 
many, no. 255,461). Since the suction elbow of the centrifu- 
gal pump is directed upward, when the pump is stopped, 
it remains filled with water, and the pump should start when 
the cut-off valve a is elosed, while the air cock b and valve 
c¢ are open. In such a ease, the water which collects in the 
pressure space d is led through the runner h, and along the 
ribs 4, this taking place in such a manner that the two spaces 


‘and / are filled with water while, in the middle space 1, there 
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nects the close water tank with the ejector, has to be opened. ) 
Because of the suction on the water, a vacuum is created in 
the tank e, and this, with eock f opened, results in water 
being sucked into the centrifugal pump g. By means of 
suitable adjustment of the cocks d, f and h, the suction into 
and the filling of the centrifugal pump can be regulated and 
the tank ean be filled with, or emptied of, water. (Kreisel- 
pumpen fiir Feuerlischzwecke, Alfred Schacht, Die Fdrder- 
technik, vol. 8, nos. 8 and 9, p. 57 and 67, April 15 and May 
1, 1915, 8 pp., 14 figs., d). 


Steam Engineering 
Sreciric HEAT OF SUPERHEATED STEAM AT PRESSURES FROM 
8 TO 20 ATMOSPHERES, AND FROM TEMPERATURE OF 
SATURATION TO 380 Dec. CENT. 
For a considerable time, in the laboratory of Technical 
Physies, in Munich, extensive experiments on the determina- 
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The 


water and air coming from the runner is led 


oceurs an injector-like action due to the fall of water. 
mixture of 
into the pressure space d, provided with an air reservoir m, 
and from d the air sucked in, is allowed to eseape through 
the cock b. 
it shows that the pump is filled with water, then the cut-off 


When water starts to come out from this eoeck, 


valve a can be opened and the pump operated in the usual 
manner. 

An interesting design (French patent 400,696) is shown 
in Fig. C, the fundamental principle of which is the use of 
the exhaust gases of an explosion motor driving the pump, to 
drive an ejector by means of which the pump is started. 
When the pump is to be started, the exhaust gases are de- 
livered into the chamber through pipe b inta the ejector c, 


not through pipe a. (Previous to that the cock d, which eon- 


Cp IsoBARS IN THE ¢p ¢ DiaGram 


tion of the specific heat of superheated steam have been 
carried on and gradually extended to cover the region of 
temperatures up to 550 deg. cent. 
available for use in the laboratory, admitting pressures up to 
30 atmospheres gage, which made it possible to enlarge the 


Recently a boiler became 


region of experimentation up to that pressure. 

The formula for ¢, is derived in the following manner: 
Mollier derived for the heat of generation of steam i (that 
is, heat, in keal., which must be supplied to 1 kg. of steam 
at 0 deg. cent, to convert it, without altering the pressure, 
into 1 kg. of steam at ¢ deg. cent. and p kg. per sq. em. 
pressure) the following formula: 

i = 594.735 + 0.477 t — J, 
where J is a function of t only, and Mollier gives its nu- 
merical values in a table. The small fall-off in pressure < , 
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corresponding to a small increase in the heat of generation 
of steam “Vi is therefore approximately 43 = J4,, and since 
this amount of energy has been taken from a source of elec- 
trical heat at the point of the experimental apparatus de- 
noted as u, the amount available there for the superheat- 
ing of the steam becomes [(W — V) — GJA4,] where W is 
the total amount of electrical energy shown by the meter, V 
heat losses, and G weight of steam flowing through per hour. 
This gives for ¢,, the following expression: 


2 1 

The original article contains a table (Table 2) of values of 
specific heats caleulated by means of the above equation. In 
Fig. + these values of c, have been plotted as ordinates over 
temperatures, as abscissae, and curves have been drawn 
In plot- 
ting these ¢,-isobars, drawn for 0.5, 1, 2,.... 20 atmospheres 
certain methods of equalization had to be resorted to, 
in addition to which the 


through them connecting points of equal pressure. 


behavior of c, at the critical 
point, and the dependence of the total heat i on pres- 
sure had to be considered. At the critical point, ¢, must be- 
Hence, if all the c,-isobars be extended 
to the left to the point of saturation, and the terminal points 
he connected by a curve, this ¢,-saturation curve will reach 
at the eritical point the value c, =. 

The total heat i (which has to be supplied to 1 kg. of water 
at 0 deg. cent., to convert it at the same pressure into steam 
of a given temperature) is, at a given temperature, greater 
for lower pressures than for higher ones. 


come infinitely great. 


The c,-isobars 
therefore have to be drawn in such a manner that they give 
tor ¢ values which satisfy this dependence on pressure. 

In Fig. 4 is shown, dotted, also the curve obtained by 
extrapolation for zero atmospheres. 

The comparison of these isobars with those of Knoblauch 
and Mollier for 2, 4, 6 and 8 atmospheres indicates, in the 
region of superheat, only very slight differences, but on the 
saturation line the values have to be lowered considerably 
as compared with the former ones, in order to bring them 
into accord with those determined at higher pressures. 

The author compares his results with those of M. Jakob 
(Zeits. des Vereines deutscher Ingenieure, 1912, p. 1980) and 
G. A. Goodenough (Trans. A. 8S. M. E., vol. 34, p. 507), 
who both start with the Clausius thermodynamic equation, 
with the difference, however, that Jakob determines ¢, from 
v while Goodenough attempts to do the reverse. 

Jakob used an equation of state of steam derived from the 
determinations of Knoblauch-Linde-Klebe, and, within the 
region of validity of this equation finds, between values of v 
calculated from the equation and those determined by meas- 
urement, differences below 0.25 per cent, a truly excellent 
agreement. But at higher pressures in the region of super- 
heat, the deviations of the values of v as determined by the 
Clausius formula from those found by observation, are much 
greater, and the difference at 19 atmospheres and 300 deg. 
cent. amounts to 1.1 per cent. 

The agreement between the measured values and those eal- 
culated by the Goodenough equation is naturally less close, 
because, as has been shown in technical literature, the double 
differentiation in t, required in the Clausius formula to de- 
termine c, from v, changes very materially the value of c, 
even when the error in the value of v has been very slight. 
Nevertheless, up to 8 atmospheres and 550 deg. cent., the 
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Values trom the Goodenough equation differ from those found 
by the author, by less than 1 per cent, but gradually become 
For average 
and high superheats, however, the differences between the 


less as the region of saturation is approached. 


calculated (from the Goodenough equation) and observed 
values is not great even for higher pressures, and, e.g., at 20 
atmospheres and 350 deg. cent., reaches only 2.5 per cent, the 
caleulated values being the smaller ones. 

The authors believe that a slight variation of the Good- 
enough equation or constants used in it might give as good an 
agreement for the higher pressures as for pressures up to 
S atmospheres. It is surprising that, notwithstanding the 
inherent lack of precision in the process of determining ¢, 
from v, the Goodenough equation gives results in such a close 
agreement with observed values. 

The authors believe that what has been found in the case 
of steam as to the dependence of specitic heat on pressure 
and temperature applies also to other gases of which the 
matter of tact, 
Scheel and Heuse have already found, in the case of atmos- 


molecules consist of several atoms. As a 
pherie air in the neighborhood of its point of condensation, 
that c, increases as the temperature goes down. (Die spezi- 
fische Warme des iiberhitzten Wasserdampfes fiir Driicke 
von bis 20 at und von Sattigungstemperatur bis 
O. Knoblauch and A. Winkhaus, Zeits. des Vereines deutscher 
Ingenicure, vol. 59, nos. 19 and 20, pp. 376 and 400, May 
8 and 15, 1915, 9 pp.. 7 figs. et.) 


BorLer ACCIDENTS IN FRANCE IN 1912 


The table below is taken from a compilation from official 
reports on boiler accidents. The data are tabulated, and 
give: date of aecident; kind and location of plant in whieh it 
oceurred; kind of apparatus; brief statement of cireum- 
stanees; number of killed and wounded; supposed cause of 
accident. 

Table 3 is a resume of these data. 

(Bulletin des accidents @appareils a vapeur survenus pend- 


vol, 24, 


November-December 


Annales des Ponts et Chaussées, 


626, 


ant Vannée 1912. 
ser. 9, no. 6, Technical part, p. 
1914, 16 pp-, sd.) 

TABLE 3. BOILER ACCIDENTS IN FRANCE IN 1912 
Kind of apparatus: Number of 


Not-tubular (tank) boilers: accidents: 


(a) external furnace, horizontal.............. 5 

(b) internal furnace, vertical............ 1 
Fire-tube boilers: 

external furnace, semi-tubular........... ee ] 

Water-gage glass............... 2 

SUPPOSED CAUSES OF THE ACCIDENTS 

Lack of care in the riveting of the shell ease...... 1 


Defective manufacture of tubes in 


semitubular 
1 
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Lack of tightness in 


Detective welding: 


Splitting of rivet holes. 


Exeessive pressure due to clogging 

sages 
Overheating to lack of water. 2 
Overheating due to unknown causes..........-+. 
lmproper management and attendanee........... 
Breakage of water gage glass.................. 2 
Breakage of the ease of the blow-off valve....... l 


Lack of strength in locomotive boiler............ ] 


Fig. 5 


CURVES OF PRESSURE 


DETERMINATION OF PRESSURE VARIATION IN STEAM TURBINES 
AND OF DIMENSIONS OF NOzzLES BY MEANS OF 
THE JS Diagram 


The present article is an abstract from a book published 
by Doctor G. Zerkowitz, under the title “ Thermo Dy- 
namics on Turbo Machinery” (Thermodynamik der Turbo- 
maschinen ). 

The author, who uses the JS diagram of Mollier, denotes 
his process as a method of geometric loci, since for the de- 
termination of the state of steam at any point in the turbine, 
he draws on his diagram two curves, one of which satisfies the 
condition of continuity, while the other contains all the points 


corresponding to the equation of energy: Ay =i— 41, 
where A is the mechanical equivalent of heat, ¢ velocity, g 
coeflicient of acceleration or free fall, and i, and i,, the heat 
contents at two different points of the stream of steam. The 
point of intersection of these two geometric loci represents 
the point of state sought for. 

The determination of the state of the steam when it leaves 
the distributor may be used as an example. Under the as- 
sumption that the weight of the steam G, flowing through 
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per unit of time, is given, it is possible, when the shape of 
the blade is likewise given and its cross-section f is known, 
to determine for every point the value of the right side of 


the equation of continuity ae where G is the weight of 


steam per second, f cross-section of flow, v specifie volume 
If it be 
state of the steam expanding in the diaphragm is known, 


and ¢ velocity. further assumed that the initial 
then the velocity c, at any point of heat content i, ean be de- 
If this value 


he inserted on the right side of the equation of continuity, 


termined from the difference in temperature. 


it serves to determine the specific volume v at that place. It 
is now possible to determine by means of the curves of equal 
volume in the JS diagram, on the horizontal line characteriz- 
ing the heat content 7, a point for which the specitie volume 
is v. 


If the same process be repeated under the assumption of 


VARIATION IN STEAM TURBINE AND NozzLes 


ditferent heat contents and the points corresponding to dit- 
ferent specific volumes v be connected with each other, then, 
as Fig. 5A shows, there will be obtained a line curve Y’ Y", 
which satisfies the equation of continuity. Further, assum- 
ing a certain loss of energy in the blading, the process of 
expansion may be represented by a curve E FE’, which ecorre- 
sponds to the equation of energy. The point of intersection 
A., of these two curves satisfies both conditions and char- 
acterizes the state of the steam after it leaves the distributor. 
If A, denotes the state in front of the distributor and use is 
made of the velocity of outflow in the preceding stage, then 
the fall in heat corresponding to this velocity is plotted from 
A, up to A,, and the fall A,X is used as a hasis for the eal- 
culation of ec. The second point of intersection A*, of the 
geometric loci is determined for turbines having a velocity 
in excess of that of sound, while the point S at which the 
tangent of the Y curve is vertical denotes the entrance of 
adiabatie velocity of sound. 

The determination of the process of variation of pressure 
is of practical value in the investigation of the governing 
of turbines. If, however, for example, p,, denotes the pres- 
sure in front of the m-th stage at full load, pm + 1 the 
pressure in front of the(m +- 1)the stage under the same con- 
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ditions, while p'm and p’m -+- 1 denote pressure at part load, 


1 i. 
pm + P There- 
pm pm 


fore the velocities of outflow in the separate stages are con- 


chen it ean be often shown that 


stant. If such is not the case, then the efliciency varies; and 
also the ratio of peripheral speed to the velocity of steam 
may deviate more or less from the most advantageous line. 
For the graphical calculation of nozzles, the JS diagram 
may be also used to advantage. For the solution of this 
problem, a curve of state is used which diverts from the 
vertical adiabate to the right; then the pressures p are 
plotted, which ean be found from the diagram and corre- 
spond to single points (Fig. B). These pressures are plotted 
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as abscissa, and over them are plotted as ordinates, the 
specifie weights y, as well as the velocities w, which ean be 
read off on a seale on the side of the Mollier table. Like- 
wise as ordinates the values of the product yw are plotted 
and then, by means of the equation of continuity, the cross- 
sections f are caleulated and plotted on the diagram. 

For practical purposes it is sufficient to determine by the 
formula the critical pressure; then the smallest cross-section 
and finally, under the assumption of expansion to any de- 
sired counter pressure, the cross-section of the outflow. 
(Berechnung des Druckverlaufs in einer Dampfturbine 
sowie der Diisenabmessungen mit Hilfe des JS-Diagramms, 
Sechmolke, Dinglers polytechnisches Journal, vol. 330, no. 8, 
p. 152, April 17, 1915, 2 pp., 2 figs. t.) 


Testing Machinery 


PROFESSOR VON Kaprr’s O1L TESTING MACHINE 


This paper describes the oil testing machine designed by 
A. von Kaptf. While this machine is not new, it is deseribed 
in detail because it is not mentioned in such works in the 
English language as “ Lubrication and Lubricants,” by L. 
Arehbutt and R. Mountford Deeley (London 1912), and 
“ Lubricating Oils, Fats and Greases,” by George H. Hurst 
(London 1911). 

The properties of a lubricant essential for the determina- 
tion of its lubricating value are its cohesion and adhesion. 
Cohesion, sometimes also denoted as viscosity, is the internal 
friction of the oil and the thicker the oil, the more work is 
necessary to overcome this. On the other hand, the ability 
of the lubricant to maintain a film of oil between the sur- 
faces in friction and thus prevent their seizing and over- 
heating, depends upon the adhesion of the oil. The greater 
the pressure between the surfaces in friction the greater 
must be this adhesion, sinee otherwise the oil would be foreed 
from between the surfaces. 

As a rule, in a lubricant adhesion and cohesion go together; 
that is, when the oil holds well between the surfaces in fric- 
tion, high internal friction goes with it. In oils of equal co- 
hesion, however, the adhesion may be quite different, and 
vice versa. Therefore, the determination of the internal frie- 
tion, which is the only thing that can be made by means of 
a viscosimeter, gives only a very rough idea of adhesion and 
value of lubricant as compared with other oils in reduction 
of power consumption. It is only by means of a regular oil 
testing machine that this ean be done and, for e ample, the 
two diagrams, Fig. 6 M and N, show to what degree the action 
of oils depends on temperature and pressure. The oil A, 
Fig. M, consumes at low pressure less power than oil B and 
is therefore more suitable for the lubrication of spindles or 
bearings under low pressure, while B is more adapted for 
high pressure bearings. Fig. N shows two kinds of cylinder 
oils, A, maintaining its lubricating properties at high tem- 
perature while B loses its lubricity at about 170 deg. cent. 
(338 deg. fahr.). Therefore, the fuel consumption and oil 
consumption with B is considerably greater than with A. 

The oil testing machine of Professor von Kapff is shown 
in Fig. O, where A is a speed counter set on the motor axis, 
consisting of a glass tube, graduated and partly filled with 
liquid. As the speed increases, the air bubble in the tube 
comes down, thus indicating the speed. Experience has 
shown that the best comparable results obtained at speeds 
varying between 3000 and 7000 revolutions, while spindle 
oils ean be tested at 6000 to 7000 revolutions. The sneed is 
adjusted first by the heavier rheostat G and then by a finer 
rheostat F’, actually located on the switchboard. When two 
oils are tested for purposes of comparison, the speed, tem- 
perature and pressure should naturally be the same. When 
the speed counter is taken off and then put on again, it is 
important to set it centrally. 

In Fig. O B indicates the housing for the electrie motor; 
C are for terminals connected with similar terminals on the 
switchboard; D is the connecting link between the axis of the 
motor and the friction spindle FE, rigidly connected with the 
motor shaft by means of an adjusting screw F’ (this F’, and 
the following G, are different from similar letters used by 
the author to denote the rheostats). Over the upper part of 
the friction spindle (fork shaped) is set a bush //, likewise 
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provided with an adjusting serew G. When the oil tank J 
is either taken out or put in again, the screw G is screwed in 
When the tank 
is set right so that the mark J coincides on the casing with 


hard, // lifted up and then serew G loosened. 


the mark made at the foot of the tank, the screw G is again 
loosened, // set over the upper part of the spindle and screw 
The serews A connect the tank 
rigidly and centrally with the casing. JL a thrust journal 


G driven in hard once more. 
upon which the spindle runs. The pressure is provided by a 
separate pressure element M, on the upper part of which is 
located the loading lever not shown in the drawing, \V is a 
thermometer inserted through an opening on top of the tank 
into the oil. (In Fig. 6 the thermometer is shown bent, but 
it may also be straight.) 

For spindles and transmission, oils are used with tempera- 
tures from 20 or 60 to 100 deg. cent. (68 or 140 to 212 deg. 
fahr.); for cylinder oils, temperatures from 100 to 350 deg. 
cent. (212 to 662 deg. fahr.). The tank J is filled nearly up 
to the edge with the oil to be tested. When the oil has to be 
changed the tank is emptied, washed with kerosene and then 
with gasoline. For heating the oil in the easing, an opening 
0 is provided under which a good Bunsen burner may be 
placed. 

Betore the current is turned on and the motor started, it 
is well to bring the oil up to approximately the desired tem- 
perature; then the speed of rotation is regulated by means of 
the rheostat until the voltmeter and ammeter have remained 
stationary for some minutes at the desired temperature and 
speed of rotation. For regulating the pressure, two weights 
are provided. Spindle oils and light bearing oils are tested 
at pressures of about 2 or 3 kg. (28.44 to 42.66 Ib. per sq. 
in.) ; transmission oils at about 10 to 20 kg. (142.2 to 84.4 lb. 
per sq. in.) and eylinder oils at 5 to 10 kg. (71.1 to 142.2 Tb. 
per sq. in.). If at a given pressure the apparatus runs ir- 
regularly,—that is, if the speed and power consumption vary 
by jumps,—it shows that for the given oil the pressure is too 
high. The speed of rotation of the motor should be elock- 
wise when looked at from above. The apparatus is arranged 
to run on 110 or 220 volts, d.c., and consumes about 1/3 h.p. 
(Oelpriifungsmaschine von Prof. von Kapff, Petroleum, Vol. 


10, no. 14, p. 543, April 21, 1915, 3 pp., 4 figs. d.) 
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Modern Gas-Power Blower Stations, Arthur West 
stracted ). 

Fire-Fighting Methods at the Mountain View Mine, Butte, 
Mont., C. L. Berrien. 

Conversion Seale for Centigrade and Fahrenheit Tempera- 
tures, Hugh P. Tiemann. 


Mopern Gas-Power BLower Srations, Arthur West. 


(ab- 


The paper describes briefly some recent large blower in- 
stallations for blast furnaces where the blast is supplied ex- 
clusively by gas engines using furnace gas. The following 
installations are described: Bethlehem Steel Company, eleven 
engines; Minnesota Steel Company, at Duluth, five engines; 
Maryland Steel Company, at Sparrows Point, five engines. 

The most recent of all of these installations is that of the 
Maryland Steel Company, and it presents several unusual 
features. In the first place, although the engines are the 
same size as those at the Bethlehem and Duluth plants, they 
are set diagonally in the house, which gives more room 
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around them with the powerhouse 20 ft. narrower. The 
length of the house is not increased, both because the out- 
board bearings over-lap each other and because there 1s 
room left in the triangular space at the end of the station 
for a railroad car to enter under the traveling crane, but 
with engines set squarely across the house at least one extra 
panel must be provided to allow the entrance of such a ear. 
Because of the lesser span, the costs of both the roof trusses 
and the traveling crane are likewise reduced. 

The arrangement is such that, without moving from the 
front of the gage board, one man can, single handed, put 
two engines on the furnace very quickly. 
are stated as follows: 


The operations 
open cold blast valve, (operated by 
compressed air, controlled from in front of the gage board) 
to proper furnace, thus letting the blast pressure directly 
upon the Dyblie automatie check valve on top of the tub; 
second, by same means, open air snorting valve at side of 
tub; third, open jacket water valve; fourth, throw in igniter 
switch; fifth, open gas throttle; sixth, open valve supplying 
compressed air for starting gas engine. The engine will im- 
mediately pick up speed and run under the control of the 
governor, the tub discharging its air through the snorter out 
of doors, the Dyblie valve remaining seated under the blast 
pressure; then, seventh, by means of compressed air, close 
the snorting valve and the Dyblie valve automatically opens 
wide and the engine is blowing the furnace. The engine be- 
ing at all times under the control of the governor, its speed 
does not vary when it is put on the furnace. It can be put 
on a furnace very rapidly, always in less than one minute, and 
the author states that he has seen it done in 35 seconds, with 
the engine absolutely cold. 

It is highly important that the air should be measured into 
the furnace as carefully and as uniformly as the ore, coke 
and limestone. A good modern blowing tub with automatic 
valves is the best known means of measuring air outside a 
holder. With properly designed air valves, leakage is in- 
frequent, but if there is leakage, it can be easily detected and 
The weight of the air delivered to the furnace 
per minute must remain constant no matter what the varia- 
tion in the blast 


remedied, 
pressure. This requires that the engine 
the and that it be 
equipped with very sensitive speed governors. Sensitive re- 


have tubs designed with utmost care 
cording speed charts are also installed. 
One of the novelties in the design of the plant is that, con- 
trary to the usual practice, the Theisen gas washers have 
been located directly in the engine room, the idea being that 
since economical operation of the gas engine is dependent 
upon the cleanliness of the gas, the chief engineer of the 
power house ought to be directly in charge of the gas-cleaa- 
ing apparatus. This arrangement has proved very sucecss- 
ful at the Maryland plant. It required only the addition of 
ene bay to the length of the station and saved nearly the 
whole first cost of the Theisen washers, with its traveling 
crane, ete. (9 pp., 7 figs., 1) 
AMERICAN SOCIETY OF CIVIL ENGINEERS 
Proceedings, vol. 41, no. 5, May 1915, New York City 


The Twelfth Street Traffieway Viaduct, Kansas City, Mis- 
souri, E. E. Howard 

The Pieaza Bridge, A. A. Agramonte 

Pearl Harbor Dry Dock, H. R. Stanford (abstracted) 

The Burden Water-Wheel, F. R. I. Sweeny 


Peart Harsor Dry Dock, H. R. Stanford. 
The paper describes in considerable detail the construc- 


tion of the Pearl Harbor dry docks. Among other things, 
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the author discusses the conerete used in that construction 
and describes tests made on them. Only this part of the 
paper is here abstracted. 

Numerous experiments were made to determine the mix- 
ture which would produce the most dense and plastic con- 
crete. The ingredients in each mixing were carefully 
weighed, then mixed with shovels and placed in an 8-in. pipe 
closed at one end, to determine the volume of the mixture. 
The degree of density was obtained by comparing the volume 
with the weight. The plasticity was determined by observ- 
ing the action of the concrete when handled with shovels 
and by the settlement into the mass of two wooden rods 
having sectional areas of 1 and 24% sq. in. respectively, under 
the weight of a man. 

It was found that, other conditions being the same, the 
concrete made with the 1 in. stone was more dense and 
plastic than that obtained with the larger stone. Graded 
stone, containing such percentages of each size that when 


TABLE 4 RESULTS OF CRUSHING TESTS 


Crushing Strength 
in Pounds per 
Square Inch 


Class Sand Age 

In Salt In Fresh 

Water Water 

I Three parts screenings passing 1,8-in.| 3 days 685 620 

mesh with dust retained on 30-mesh, | 28 days 1 435 1 320 

with 1 part Puget Sound sand...... 2'omos. 1 S60 2 285 

3 days 590 470 

II Screenings passing 3, 16-in. mesh with| 28S days 1 280 1 230 

dust retained on 30-mesh.... ..| 3 mos. 1 985 1 O85 

3 days 630 565 

III Screenings passing 3/16-in. mesh con-| 28 days 1505 | 1 390 

taining all the dust of fracture.....| 3 mos. 2 655 2 370 

3 days 905 S45 

IV Sand from Puget Sound.......... ..| 28days 1 745 1 780 

2)2mos. 2 450 2 360 


plotted it gave a straight line, produced concrete which was 
at the same time most dense and plastic. An excess in the 
percentage of small pieces increased the plasticity but de- 
creased the density, whereas a deficiency in the smaller sizes 
had little effect on the density but reduced the plasticity. 
Mixtures in proportion of 1:2.5:4 were more plastic than 
1:2:4 but not as dense; 1:2:4 mixtures were more dense than 
those of 1:2:3.5 but not as plastic. 

A series of 132 laboratory crushing tests were made on 
6 in. tubes. Nine sets of 12 blocks were made of concrete 
mixed in proportions of 1:2:3.5, using for each test uni- 
formly graded stones not larger than 1 in. but with differ- 
ently mixed cr prepared sands for the different tests. The 
results are given in Table 4. 

In addition to that, fifteen large-sized test blocks were 
made under conditions which resembled those actually exist- 
ing when placing under-water concrete for the bottom of the 
dock. The concrete for these tests was deposited with 
tremies in water about 52 ft. deep, the end of the tremie 
being held near one corner of the form, so that the eonerete 
had to flow an extreme distance of about 6 ft. after leaving 
the tremie. 

A great deal of interesting experience in the use of tremies 
has been acquired in handling a product at first practically 
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vorthless, and then gradually improved until it finally at- 
tained a high degree of excellence. Tremies 12 in., 15 in. 
and 18 in. in diameter were used in these experiments (ap- 
proximately 14,840 cu. yd. of concrete were deposited 
through tremies), and the author arrived at the following 
conclusions : 

The results obtained from a tremie depend to a great ex- 
tent on the proportions, character of materials and plasticity 
of the conerete which is being used; the excessive frictional 
resistance to the movement of concrete in a 12 in. pipe causes 
frequent clogging in the pipe and gradually increases the 
pressure at the exit, making it impracticable to hold the 
end of the tremie embedded in the deposited concrete; the 
frictional resistance to the movement of conerete in an 18 
in. pipe is not sutlicient to prevent the occasional loss of a 
charge in the tremie, thereby interrupting the filling of the 
form, with added uncertainty as to the quality of the pro- 
duct; the frictional resistance in a 15 in. tremie is ap- 
parently just about right to obtain the proper discharge 
pressure necessary for efficiently regulating the flow of con- 
crete by raising and lowering the tremie with the end main- 
tained within the deposited mass. The conerete flows freely 
to distant parts of the form without causing disturbance in 
the mass. The tremie 15 in. in diameter is best suited for 
the work, and in the Pearl Harbor dry dock construction the 
size was adopted and actually used for placing the greater 
part of the tremie concrete. 

Approved designs, however, eliminated practically all 
tremie-placed concrete, without involving endangering con- 
ditions. This fact is considered a most valuable feature of 
the plan of construction, inasmuch as there can be no ab- 
solute certainty that concrete deposited under water will 
possess the uniform degree of perfection essential to dock 
construction. 72 pp., 19 figs. and 25 plates, de.) 
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Aerodynamics—Development of Mechanical Flight, H. ©. 
Gammeter 

Some Machine-Tool Developments of 1914, L. BP. Alford 
(abstracted ) 


Some Macuine-Too. DeveLopmMents or 1914, L. P. Alford 


The paper presents a very interesting record of the de- 
velopment of machine shop equipment during 1914, from 
information previously published in The American Machinist, 
of which the author is the editor. The paper cannot be fully 
abstracted owing to lack of space, and only the most promi- 
nent sections are here reported. 

One of the questions which the author takes up is whether 
new machines should be introduced in dull times. On the 
one hand, there is the desire to stimulate business by offering 
something new, and the desire to use shop effort, released 
from the strain of regular production, in developing new 
ideas. On the other hand, however, the machine tool busi- 
ness is so firmly established on sound engineering principles 
and firm industrial bases that there is only a very remote 
possibility that any builder can endanger his competitor's 
business through the discovery and control of some startling 
or revolutionary innovation. No manufacturer need fear for 
his stock beeause of the new designs of his competitors, but 
in the introduction of a new design by the manufacturer 
himself, there is a possibility of dangerous reaction on his 
own stock in that he ean seriously destroy its salability by 
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bringing out such improvements. In other words, a manu- 
facturer can easily become his own worst competitor. The 
conclusion is, therefore, that improvements should be brought 
out when stock is low and that means, in boom times, As 
one of the speakers (IL. M. Lucas) stated in the discussion 
which followed, * It is well to work out new designs during 
the dull times, but do not announce them until you get your 
old stock all sold. Manufacturers usually announce their 


new designs too soon.” 


The question of high speed drilling is discussed in detail. 
Last year, some sensitive drilling machines were put on the 
market, having spindle speeds as high as 10,000) r.p.m., 
although experimentally, drilling has been done with speeds 
up to 20,000 rpan. In the larger sizes of machines, 1 in. 
drills have been successfully run on tests at a speed of 
12,000 rpam. and a feed of 1 in. per second in cast iron. 
(The author has seen these tests. ) 

In high speed drilling with numbered sizes of drills it has 
been found that the limit of the rate of speed is the museular 
activity of the operator. Once the drill has entered, it ean 
be pushed through as rapidly as the operator chooses to 
move his arm. The tendeney of power feeds is toward still 
higher speeds for small drills than can be obtained by hand, 
and while the limit of speed has been frequently reached 
with sewing and shoemaking machines, due to lack of quick- 
ness in the operator, with machine tools the operator has 
always been able to keep up easily with the machine. It 
appears reasonable, therefore, to expect that the commonly 
used speeds for drilling and feeds of small drills will be 
greatly inereased within the next few years. 

The author discusses in detail the possible limitations in 
drilling practice. Of these, it appears that the wear of the 
drill is little affected, in the end, by the speed. The cutting 
edges of the drill are rather preserved than otherwise, at 
the higher speeds. As regards heating effects, it is claimed 
that the total heating effect at high speed is less destructive 
to drills than at slower speeds. The stresses on the drills 
are less, the drill is advancing rapidly into the cold metal 
and as the period of drilling an individual hole is short, the 
proportion of time that the drill is in the air to the time that 
it is cutting is increased, It appears, also, that at high 
speed drilling, less heat will be given to the tool by the chips 
than at low speed drilling. This is due to a hitherto unex- 
plained fact, namely, that when the chips break off, they 
are cold and uncolored, but become hot and colored a few 
seconds later. This action has also been observed in milling 
and turning. 

Increased speed of drilling makes it more important than 
ever that jigs and work-holding devices should be so designed 
that they can be rapidly operated. This may mean the use 
of cams, eccentrics or levers, which are more quickly locked 
and unlocked than strap and screw-operated devices. 
Further, increased production means an increase in the ra- 
pidity with which chips are produced and jigs must be so 
made that the chips can be easily brushed or washed away. 

The year 1914 has seen the introduction of a system of 
applying a large amount of lubricant to milling cutters 
mounted in a rigid machine, whereby peripheral cutting 
speeds on mild steel ten to twelve times greater than aec- 
cepted practice (800 ft. per min.) were attained in tests of 
long duration, with a possible increase in the amount of feed 
from 30 to 112 in. per min. This system, because of the 


115 


large amount of lubrication used, has become known as 
stream lubrication.” Its use is based upon the faet that 
the heating of the cutter is often the limitation to speed, and 
this can be reduced by using a Inbricant or coolant suflicient 
to remove the heat and keep the cutter and the work cool. 

One of the advantages of high speed milling is that it 
brings the revolution marks closer together, and it is claimed 
that miller outputs are controlled to-day, in perhaps 90 per 
cent of eases, by the distance between the revolution marks. 

The past year has also played an important part in the 
development of the so-called “ station type” machine, which 
means a machine in which there is a position for putting in 
and taking out work and other positions for performing sue- 
cessive operations. While as a tool, it is not new and many 
machines of this type have been built for special jobs, it 
was only in 1914 that these machines were brought out for 
the market in a form to be used on many jobs adapted for 
a wide variety of work. The needs of the automobile indus- 
try have been a feature in developing this line. They have 
heen designed to fulfil the demand for quantity machinery 
manufacture with unskilled workmen and to make possible 
an increase of production with a decrease in the aecompany- 
ing overhead expense. 

The main trends of machine tool development in 1914 are 
summarized by the author as follows: They are toward the 
use of higher speeds, finer unit feeds, and greater quantities 
of lubricants; the further development of jigs, fixtures and 
holding devices which may be operated in a minimum time 
and the use of highly organized automatic machines, per- 
forming a number of successive operations, and suitable to 
he attended by unskilled labor. (27 pp., 14 figs. d.1.) 
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Consideration with Regard to the Rapid Transit Problem in 
Cities, George F. Swain 

The Electrie Furnace for Re-Heating, Heat Treating and 
Annealing, T. F. Baily (abstracted ) 

Tue Evecrric Furnace ror Re-Hearinc, Heat Treating 

AND ANNEALING, T. F. Batty 

The paper discusses the use of electrie furnaces for re- 
heating, heat treating and annealing, both historically and 
practically. 

The type of furnace apparently best adapted for re- 
heating operations is the resistance type in which the mate- 
rial to be heated is entirely separate from and independent 
ot the resistance element in which the heat is generated by 
the electrie current, making it e tremely simple and con 
venient to operate. In some heating operations, the actual 
cost of heating per ton is less with the electric furnace than 
with combustion furnaces, while in some heat treating and 
annealing operations, the precision with which the opera- 
tions are carried out must be the justification for the higher 
cost of heating in the electrie furnaces. In a general way, it 
is stated that the higher the temperature at which the heat- 
ing operation is conducted, the higher the relative economy 
in the use of electrie furnaces. The author sums up the 
principal advantages of electric furnaces for reheating, as 
follows: More accurate temperature control; non-oxidizing 
atmosphere; saving in space; elimination of blast and stack; 
evenness of temperature throughout the heating space; sim- 
plieity of control; smaller amount of heat lost to the sur- 
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rounding atmosphere; and cleanliness of surroundings. The 
smaller amount of heat lost to the surrounding atmosphere 
makes the work around an electric furnace, especially in 
summer months, far more healthy and agreeable than with 
the combustion furnace. 

The thermal eflicieney of electrie furnaces vary with the 
size and capacity in tons per hour, a furnace of 1 ton per 
hour of 2200 deg. showing an efficiency of 75 per cent. Most 
of the terminal troubles in electric furnaces for reheating 
have been practically entirely eliminated; for example, one 
set of electrodes now lasts for months at a time in continu- 
ous service. For furnace temperatures not exceeding 2500 
deg. fahr., the electric furnace will answer any reasonable 
requirements, and, so far as actual fuel cost alone is con- 
cerned, at one cent per kw-hr., will compare favorably 
oil furnaces burning oil at four cents per gallon. 

In large tonnages of heavy billets, the combination of a 
combustion furnace using producer gas up to 1500 deg. 
1ahr., and heating by electricity from this temperature to the 
desired rolling temperature offers the advantages of low fuel 
costs per ton of metal heated and a minimum amount of 
oxidation of the metal, beside protecting the electrodes. 
Such a furnace can be expected to show a thermal efficiency 
in the gas end of 50 per cent, and in the electrie end of 75 
per cent. 


with 


The author discusses, in some detail, the use of eleetric 
furnaces for soaking pit and for heat treating and annealing 
purposes. The type of furnace best adapted to heat treating 
is the automatie continuous furnace, where the metal under 
treatment when fired to the predetermined temperature is 
automatically discharged into the air or into some quenching 
medium. When the material at the discharge end of the 
furnace reaches the minimum temperature, a special pyrom- 
eter closes an electric cireuit, which in turn closes, through 
a suitable relay, the solenoid-operated radial dial switeh, and 
the various electrical circuits operate, in proper sequence, 
the doors, pusher and quenching apparatus. 

In regard to the economy of small electrie reheating fur- 
naces from the fuel point of view alone, where the current 
consumption per ton is 480 kw. and the rate is one cent per 
kw-hr., they can be compared with oil where the consumption 
per ton is 100 gal. at four cents per gallon, or natural gas 
where the consumption per ton is 12,000 cu. ft. Electric 
furnaces of the continuous type, of 5 tons per hour capacity, 
will show a commercial economy over coal fired furnaces of 
the same capacity with coal at $2 per ton (requiring 200 lb. 
of coal per ton of steel), while electric furnaces require an 
electric eurrent consumption of 250 kw-hr. per ton with 
current at one-half a cent per kw-hr. The combined gas 
and electric furnace will show a commercial economy, com- 
pared with producer gas fired furnace using 200 lb. of $2 
per ton coal, while the combination gas and electric furnace 
uses 140 Ib. of coal per ton of metal for heating it to 1400 
deg. (30 pp., gd). 


FRANKLIN INSTITUTE 
Journal, vol. 179, no. 6, June 1915, Philadelphia, Pa. 


High Temperature Investigation and a Study of Metallic 
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An Air Analyser for Determining the Fineness of Portland 
Cement (U.S. Bureau of Standards) 
A Srupy or Some Curious Painting PHenomena, Henry 
A. Gardner 


This paper includes an investigation of the destruction of 
paint, especially on buildings, by fungus growths. 

The writer noticed that certain types of paint were atf- 
fected by what is called mildew by painters; not everywhere, 
but more severely in sections which were shaded by trees or 
in partially sheltered nooks where dampness would be main- 
tained for considerable periods of time. 

Sections of painted surfaces showing marked formation 
of mildew were collected: In some instances, the mildewed 
surtaces were lightly scraped with a clean knife and the 
scrapings collected in a special envelope. A culture medium 
was then prepared which would exert an inhibitory action 
upon any ordinary bacteria which might be present upon the 
specimens, but which would permit the rapid propagation 
of the fungus spores. 

As cypress is one of the most important woods used for 
construction purposes, especially in the South, where the 
investigation was carried on, a cypress decoction was pre- 
pared in the following manner: 50 grams of finely divided 
wood shavings were boiled in a half liter of distilled water. 
The decoction was filtered and 12 per cent of thread agar 
was added. After steaming to obtain solution, the mass was 
filtered, tubed and sterilized at 120 deg. cent. for 15 minutes. 

The two principal types of fungi which were developed 
from the mildewed surfaces were shown to be species of 
Aspergillus and Penicillium, Tests have shown that black 
Aspergillus proved the more hardy, while others seemed 
dormant unless kept constantly moistened. In one test, the 
black mould, in a week's period, exerted a most destructive 
effect upon a board coated in white lead with oil, the oil 
apparently serving as a most favorable medium for this de- 
velopment, and thus playing a leading part in the reaction 
which results in the destruction of the paint and the exposure 
of the wood. The development of fungi in every instance 
was much more rapid upon paint coatings which were soft 
and subject to retention of moisture, while paints which pre- 
sented a firm, hard, moisture-shedding surface resisted the 
fungi and prevented germination of the spores. 

The author comes to the conclusion that micro-organisms 
may play an important role in the behavior of materials of 
paint, as shown by recent investigations into the causes of 
certain paint troubles referred to by painters as saponifica- 
tion or washing. This condition is generally indicated by 
the appearance of a white deposit at the base of porch col- 
umns and by the paint assuming a soap-like condition when 
rubbed. While instances of such action are rare, there was 
recently an apparent epidemic in one community. The 
author collected samples of the washed paint for analysis, 
as well as making analyses of the oil that 
the paint paste by hand. 
found to contain considerable moisture, as well as a large 


vas mixed with 
The oil almost invariably was 


percentage of mucilaginous or albuminous matter, which is 
commonly called “ foots.” Portions of the “ foots” from 
the various samples of oil collected were placed upon sterile 
agar, and in a few days marked growths of pink colored 
mould were obtained, identified later as a specie of Fusarium. 
Portions of this mould placed upon oil seemed to produce 
free acid, which explains the washing of paint in which the 
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infected oil was used. The enzymes and micro-organisms in 
the “foots” apparently exerted a fat-splitting action, the 
oil being broken up into glyeerine and fatty acids, causing 
the formation of soap-like products which are acted upon 
by moisture, in addition to which the glycerine formed in the 
film serves to keep the paint soft and tacky, readily attract- 
ing moisture from the air. Themoisture in its turn emulsi- 
fies with the soft paint, some of which washes off. 

The washing of paint is not of uniform oceurrence. It 
may be noticed upon the porch columns, but not in the body 
or trim of a house, and only upon certain sections of the 
main structure. The writer has observed that in most in- 
stances where washing has shown itself, it has generally been 
on a hollow column or a surface the back of which may hold 
moisture. It is likely that the moisture stored up in certain 
places is responsible for starting this reaction. 

The so-called “ rust” or brown spotting of paints may be 
traced, in some cases, to the action of soluble matter con- 
tained in the wood exuding at certain places in the paint 
film and drying up into small, hard globules. It may also 
be due to the nature of the oil if it contains moisture and 
“foots” of an infected nature. In such eases, the hydroliz- 
ing action of the enzymes apparently increases the tendency 
of the oil to break up into various fatty acids, including 
formie acid. This has a solvent effect upon the lead and 
zine pigments, producing lead and zine formates which are 
soluble in water. 

From the above, it is apparent that the selection of a 
satisfactory oil is of very important consideration, especially 
upon repainting work. Immunization of oils is best done by 
the application of heat, whieh is not, however, directly feasi- 
ble in some cases. On the other hand, mixtures of oil and 
pigments are often run through Buhrstone mills at tempera- 
tures up to 240 deg. falir. (depending upon the rate of grind- 
ing and set of plates), which is more than suflicient for 
sterilization. 

Tests by the author have shown that paint is in a most 
satistactory condition after storage if the hot paste was al- 
lowed to cool before thinning and canning. When, however, 
paste paints are thinned by the painter, only clarified, well 
settled, moisture-free linseed oil should be used (15 pp., 15 
fig. epaA ). 


INSTITUTION OF MECHANICAL ENGINEERS 
Advance paper B, read May 14, 1915, London. 


Tue DisrrisutTion OF Heat IN THE CYLINDER OF A Gas 
Enaixe, Professor A. H. Gibson and W. J. Walker 


The paper presents data of tests having for their purpose 
the determination of how the distribution of heat throughout 
a gas engine varies with the speed of the engine, b.h.p., and 
the compression ratio, and richness of the air —- gas mixture. 

Tests were carried out on an experimental gas engine re- 
cently installed in the engineering laboratories at University 
College, Dundee. This engine, with a cylinder diameter of 
11 in. and a stroke of 19 in., afforded exceptional facilities 
for such investigations. The connecting rod could be length- 
ened so as to vary the compression ratio between the limits 
of 5.17 and 6.62. The eylinder jackets were divided into 
two parts, one of which surrounded the exhaust valve and the 
portion of the exhaust passage ineluded within the eylinder 
easing, while the other covered the breech end and barrel of 


the cylinder. The jacket water was led in series through the 
two sections, the temperature being measured before and 
after passing through each of these. This made it possible 
to ascertain, with a higher degree of accuracy than usual, 
the heat lost to the jacket apart from that portion of it which 
correctly should be attributed to exhaust josses. 

The normal speed of the engine was 200 r.p.m., but in the 
trials a range of speeds from 140 to 260 r.p.m. was examined. 
The b.h.p. was varied from zero up to full load capacity. 
Three different compression ratios and three different air- 
gas mixtures were used. In all, 130 trials were carried out, 
the details of which are described in the paper. In the main 
it was found that: 

The mechanical efficiency of the engine increased with in- 
crease in loads; diminished as the ratio of air to gas in- 
creased; diminished as the speed increased and was sen- 
sibly independent of the compression ratio; the maxi- 
mum efficiency attained in these trials at full load with 
the richest (7:1) mixture, and at the lowest speed (150 
r.p.m.) was 85 per cent. 

The thermal efficiency as measured on i.h.p. increased with 
the load; attained the maximum with an air-gas mixture 
of approximately 10 to 1; increased very slightly as the 
speed increased and increased as the compression ratio 
increased. 

Thermal efficiency on b.h.p. increased with the load; attained 
a maximum with an air-gas ratio of 8 to 1, that is, with 
a richer mixture than gave maximum i.h.p. efliciency; 
diminished as the speed increased and increased with the 
compression ratio. 

The ratio of the actual thermal efficiency measured on the 
ich.p. to the corresponding air cycle efficiency increased 
with the load; had maximum value when the ratio of 
air to gas was approximately 10 to 1; increased slightly 
with the speed and was sensibly independent of the 
compression ratio. At full load and with the most efli- 
cient air-gas mixture, the relative efliciencies were for 
all compressions from 0.687 at 150 r.p.m. to 0.709 at 
250 r.p.m. 

The pereentage exhaust losses diminished as the load in- 
creased; diminished very slightly as the ratio of air to 
gas increased; increased as the speed increased and di- 
minished as the compression ratio increased. 

Jacket losses. The percentage heat carried away by the 
water flowing through the cylinder jackets, not including 
the exhaust valve jacket, increased with the load; dimin- 
ished as the speed increased and was sensibly independ- 
ent of the compression ratio. Various facts indicated 
that the rate of transmission of heat through cooling sur- 
faces was much greater at the higher speed in spite of a 
lower gas temperature. This was apparently due te the 
fact that the greater turbulency of the working fluid at 
the higher rates of speed increased its effective conduc- 
tivity to an extent which more than counterbalances the 
effects of a smaller temperature difference and a short- 
ened time of contact. Other things being equal, a 6 per 
cent inerease in the temperature of the gases would prob- 
ably increase the heat transmitted by conduction and 
radiation by some 15 per cent, so that it might be taken 
approximately that the effective conductivity was in- 
creased in the same ratio as the speed of the engine. 
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The radiation loss diminished as the load increased ; increased 
as the ratio of air to gas increased; diminished as the 
speed increased and increased slighly as the compression 
ratio increased. (23 pp., 6 figs. e.) 


INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS 


No. 55, London. 


TELEGRAPH TRAFFIC AND Power PLANT FOR PNEUMATIC 
Tubes IN Post Orricres, Alec B. Eason 


The information in the paper was collected in order to 
form estimates of the cost of pneumatic installations and 
current for working various tubes. The problem of deter- 
mining the probable traffie which the tube will carry under 
certain conditions, and especially the hourly maximum carry- 
ing traflic, is diseussed. From this, the writer proceeds to 
the question of the quantity of air which will be needed to 
drive the carriers through the proposed tubes; and finally, 
the size, type and kind of pump which will be most efficient 
for the work and the probable over-all efficiency of the motor 
and pump. Only electrically driven sets are considered, these 
being, in the estimation of the author, the type used almost 
exclusively in modern installations wherever possible. Only 
the second and third sections of the paper (Air Required in 
Installations, and Pumps and Motors), are abstracted here. 

In regard to air used per carrier in street tubes, the writer 
points out that when sending with pressure, the amount of 
air used for any practical container pressure may vary 
greatly, according to the types of cocks which are used and 
the amount of throttling in the cireuits. The author de- 
scribes a series of tests made to determine the amount of 
air and gives the following formula for the quantity of air 
used in tubes working intermittently : 


V 
= 7308 147 
where Q@ = pounds of air; V = the container volume in 
cubie feet; 13.08 = eu. ft. of air in 1 lb. at 60 deg. fahr.; 
and p’ — p” = drop in the container pressure in pounds 


per square inch, the temperature of the container being as- 
sumed to be constant during the time of the test. 

In regard to vacuum working, it appears that with the 
same vacuum in the container, approximately the same 
amount of air, 7 lb., is used no matter what the throttling 
may be. The practical importance of this fact is that with 
intermittently worked tubes, used in an upward direction, 
one can introduce full bore services and get increased speed 
without increased consumption of air. The usual objection 
as to lax attendance applies to any kind of service, and 
although increased loss may occur when working with full 
bore cock, at increased speed, the amount of the increase is 
small and may easily be overbalanced by saving in the loss 
due to leakage in the three-way cocks, as the author shows 
by a calculation. 

As regards working with different container pressures, it 
has been found that with a 5 lb. container pressure and full 
bore cock, the total time is 55 seconds as against a transit 
time of 53 seconds when using a container pressure of 8 lb. 
and the cock at half position; the consumption of air at the 
lower container pressure was five-sixths of that at 8 lb. pres- 
sure. It is best, therefore, to get rid of throttling and use 
lower container pressures. 

Tests at Hull, made in 1911, have shown that the increased 
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speed with high vacuum was obtained without any increase 
in air consumption, but it should be noted that the energy 
consumption is increased because the air is taken to a higher 
vacuum. 

A series of tests were made on house tubes, i.e., those 
which lay wholly within one building. The author found that 
for house tube work, it wotild be necessary to allow a con- 
sumption of air of from 114 to twice the volume of the tube. 
It the speed is high, the consumption will rise to 2 or 2!2 
times the volume of the tube. The loss due to differences in 
turning off the cocks promptly is relatively great, as the 
transit time of carriers is only 5 to 10 seeonds. 

The leakage of pneumatic tube systems may be divided 
into three kinds: a leakage from the container, pipe-work, 
and cocks; b leakage from the D boxes, double slide switches 
and fittings, and c leakage from the tubes. Leakage a oceurs 
in the building, is easily noticeable and therefore should not 
exist to any great extent. Leakage b always exists, but 
varies in extent with the age and wear of the sliding portion 
of the fittings. Leakage ¢ should not be allowed to any great 
extent, but it is difficult to locate the position of the leaks in 
street tubes and repairs to them are costly. Leaks are some- 
times allowed to continue, therefore, as long as they do not 
atfect the working of the tube too much. Leakage a, at 
Brighton, amounted to about 68 lb. of air per day, the total 
amount being 300 Ib. The leakage at Hull, on a vacuum con- 
tainer, caused a rise of 2 lb. in 34 minutes, equivalent to 
about one-fifth of a pound per minute extra work. For leakage 
c, on London tubes the following amounts (including leakage 
b in some cases) were found: For individual tubes, .22, .30, 
A7, .37, .60, 5.4 Ib. of air per minute. The total leakage tor 
nine tubes working on pressure was 4.7 lb. and for twenty 
tubes worked on vacuum, 3.5 lb. The total b and ¢ leakage 
in London is about 900 lb. per hour, or something like 5 
per cent of the total load. 

The author considers in detail the various types and di- 
mensions of carriers, and comes to the conclusion that car- 
riers should fulfill four requirements: First, large capacity; 
second, retentivity, which means that messages should not 
drop out of them; third, durability, and fourth, ease of 
manufacture. Metal carriers, to be satisfactory, must have 
buffers or felt skirts at both ends. 

The author likewise diseusses the various systems of working 
pneumatic tubes, such as the Dudley system installed when 
the tubes are short enough, and the high pressure system, 
with which a saving oceurred when the ratio 0° the maximum 
load to the average was large. Tests with high pressure sys- 
tems have shown that it was not worth while pumping air to 
high pressures. The usual limits were from 10 to 50 Ib. 
per sq. in. and the investigation showed that the higher the 
pressure, the greater the total energy consumption, including 
the light load loss, for the whole day. 

A careful investigation was made to determine the size of 
pumps required to deal with air under various conditions of 
pressure and vacuum as well as the size of motors needed to 
drive these pumps. The author derives a formula showing 
the rising pressure in the time t, when the speed of the pump 
is supposed to be constant. He also discusses the question 
of volumetric efficiency of the pump. The results of the 
tests at Hull, Brighton and Sheffield show discrepancies 
when compared with the usual theory. In general, the author 
arrives at the following conclusions: 

The input to motors driving air compressors is 1.6 to two 
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times the work required to compress the amount of air dealt 
with isothermally between the working pressures (from tests, 
it has been found that working with pressure accurate figures 
for either volumetric efficiency or over-all efficiency cannot be 
obtained by noting the rise of pressure in closed containers). 
The maximum horse power input to motors driving vacuum 
pumps delivering it to the atmosphere, is 1/25 of the dis- 
placement in cubie feet per minute. (104 pp., 11 figs. eA.) 


ROYAL SOCIETY 
Proceedings, Series A, vol. 91, no. A 628, 


London 


April 1, 1915, 


On Thermophones, P. de Lange. 

A Bolometric Method of Determining the Etliciencies of Ra- 
diating Bodies, William H. Bone, H. L. Callendar, H. 
James Yates. 

The Elastie Properties of Steel at Moderately High Tem- 
peratures, F. E. Rowett (abstracted). 


MoperateLy 


R. Rowett 


Tue ELastic PROPERTIES OF STEEL AT 


TEMPERATURES, F. 


In a previous paper the author gave results of meesure- 
ments of elastic hysteresis of steel tubes when subjected, at 
ordinary within 


torsional stresses 


what is ordinarily regarded as the elastic limit. 


room temperature, to 
In the pres- 
ent research, an attempt was made to establish the difference 
in the behavior under stresses at higher temperatures of both 
hard-drawn tubes and annealed tubes. 

It was expected that the former, containing a good deal of 
amorphous material, would begin to behave like a viscous 
fluid,—that is, it 


stress, whereas at the same temperature, the annealed tube 


would flow, more or less freely, under 
being crystalline, though it might take a permanent set, 
could not flow or would flow to a much lesser degree, on 
account of the small amount of amorphous material in it. 
It was found, actually, that at a temperature of 300 deg. 
cent., hard and annealed tubes began to show properties 
similar to those of piteh at ordinary temperature, or of glass 
at a temperature rather below the softening point. They 
were still highly elastic under varying stresses, but flowed 
perceptibly when the stress was applied for a great length of 
time, the energy dissipated in a cycle of stress depending 
upon the speed of the eyele. If the eyele was performed in 
five seconds, the area of the closed stress-strain loop was not 
much greater than at ordinary temperature and was less 
than that given by an annealed tube, but if the cyele took a 
quarter of an hour, the dissipation was increased four-fold. 
In the annealed tube, however, at 300 deg. cent., the en- 
ergy lost per eyele of stress was still almost independent of 
the time. At a higher temperature—for example, at 540 deg. 
cent.—the hard drawn tube flowed rapidly and continued to 
flow for a long period, though at a diminishing rate under 
At this 
temperature, steel, like pitch or glass, showed considerable 
after-working. 


a shear stress of less than one ton per square inch. 


Some flow and elastic after-working were 
also observed in the annealed tube at this temperature, but 
both of these tendencies were much less than in the hard. 

The steel tubes had the following chemical composition : 
Carbon, 0.17 per cent; manganese, 0.24 per cent; sulphur, 
0.02 per cent; phosphorus, a trace. 

The elastic limit in torsion of the tubes as supplied by the 
makers was 13.8 tons per sq. in. shear stress in either diree- 
tion, giving an elastic range of 27.6 tons per sq. in. 
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The data of tests are presented in the original article in 
the form of tables and curves. (13 pp. 4 figs.) 


ROYAL SOCIETY OF ARTS 


Journal, vol. 63, Nos. 3259 and 3260, May 7 and 14, 1915, 

London 
(No. 3259) On the Measurement of the Efficieney of Do- 
mestic Fires, and on a Simple and Smokeless Grate, 

A. V. Harcourt (abstracted) 
(No. 3260) Recent Progress in Pyrometry, Chas. R. Darling 
ON THE MEASUREMENT OF THE EFFICIENCY OF 
FIRES, AND ON A SIMPLE AND SMOKELESS GRATE, 

A. V. Harcourt 


Domestic 


The writing of the present paper was prompted by a de- 
sire to determine whether a sprinkling of a solution of a 
powder in water, consisting mainly of common salt, on lump 
coal, burned on a domestic grate, increases the efficiency of 
the fire. Theoretically, this did not seem likely, but the 


“Rapio” THeRMOMETER FOR Rapiant Heat 


writer wanted to establish definitely what actually would 
happen, 

To do this, he found it necessary to measure the amount 
of heat radiated into a room, which led to the development 
of the instrument illustrated in the author 
calls a radio-thermometer, i. e., a measurer of radiant heat. 
It consists of a copper box 6 x 6 x 1 in., with a small funnel- 


Fig. 7, which 


shaped inlet, enclosed in a wooden box 7 x 7 x 2 in., open 
at the top and with an opening 5 in. square in the middle of 
one side. Except on this side, there is a space between the 
two boxes, of an inch at the back and 1% in. at the sides and 
below, loosely packed with eotton-wool. On the side which 
is in contaet with the wood, the central 25 sq. in. are exposed 
and blackened. A thermometer, used also as a stirrer, is 
held by a cork in the opening at the top. It is furnished 
with a cup-shaped piece of sheet rubber tied on above the 
bulb, stretching across the box. The weight of the copper 
box is 11 0z.; that of the water which fills it, is 1 Ib. 6 oz. 
The water-equivalent of the copper box is 11 & 0.095 = 
1.045 oz.; hence the mass of water heated may be taken as 
1 Ib. 7.04 0z., or 1.44 Ib: 

The instrument having been freshly filled with cold water 
is placed facing the middle of the fire at a distance of 3 ft 


Exactly on the minute by the watch, the thermometer is 
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read; about 9 min. later the water is briskly stirred up and 
down with the thermometer, which is then replaced with its 
bulb central, and at the end of 10 minutes, the thermometer 
is again read. These readings are repeated every 10 minutes 
until the temperature of the water is as much above the 
temperature of the air taken by a thermometer at the back 
of the instrument as it was below it at the start. The eot- 
ton-wool, which checks the flow of air around the box, pre 
vents the temperature of the air in the room having too much 
influence, and both this and the exchange of radiation are 
approximately balanced by the temperature of the water, 
being to an equal extent and for nearly the same time, first 
lower and then higher than that of its surroundings. 

To make the results, with the fire larger and smaller at 
different times, more nearly comparable, an estimate was 
made every ten minutes of the area of fire, from which the 
chief part of the heat was being radiated (this area is ex- 
pressed in “spaces”). A large number of measurements 
have been made of heat radiated from coal, from coke, from 
coke which had been wetted and from coal and coke treated 
with a salt solution. The average results in units of the 
method are as follows: coke, 1.97; coal, 1.63; wet coke, 1.29; 
coke and coal sprinkled with water and powder, 2.03 (the 
presence or absence of the powder made no practical dif- 
ference). 

These results seemed to be probable. Coal, when it burns, 
passes through two distinct stages; first, it gives off gas, 
some of which is burned and some of which eseapes un- 
burned. When evolution of gas has ceased, the coal has 
been changed to coke and the second stage begins, when it 
burns with a steady glow. During the first stage, much less 
heat is radiated than during the second, as the heat from the 
burning gases goes chiefly up the chimney. Wet coke, if 
sufficiently wet, gives still less heat at any moment, for it 
burns more slowly and some of its heat goes to evaporate 
the water. 

From this, the author proceeds to the description of a spe- 
cial grate for use in domestic fires. He establishes a number 
of principles which should be observed in the construction 
of a domestic fire grate and points out that in addition to 
purely technical requirements, the grate must not be less 
attractive in appearance than other grates. He shows, how- 
ever, several quite attractive illustrations of his design. 
(9 pp., 7 figs. gpd.) 


WESTERN CANADA RAILWAY CLUB 


Proceedings, vol. 7, no. 8, March 1915, Winnipeg. 


THe or Fuet Om Extreme Ciimatic Conpi- 
TIONS, Lorimer. 


The paper discusses the use of oil fuel generally, and in 
very cold regions in particular, and described the design of 
special tank cars and storage tanks. 

The ordinary tank car is usually of too small a capacity, 
say 8,000 U. S. gal., which means transportation of a com- 
paratively heavy dead load for a small quantity of fuel. 
Also its design is not convenient; for example, it has the 
valve located about 2 ft. off the center line, hence, in making 
up the train, the cars have to all be headed the same way, 
which, in railway practice, is almost impossible. Then it 
has a small opening in the dome whick is generally closed 
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by a round cover provided with a thread, a very objection- 
able arrangement, especially in very cold weather. Such 
tank cars are not provided with steam heating pipes and, with 
an outlet of only 4 in. exposed to the cold weather, it takes 
a long time to empty the ear and, further, it is almost im- 
possible to empty it completely because of the bottom of 
the car being level. As much as several hundred gallons 
may remain in the ear, and thus not only reduce its effective 
capacity but remain to be carried back and forth on the 
line. 

To obviate all these objections, a new tank car has been 
designed with a capacity of 10,000 Imperial gal. It has a 
dome provided with an opening of 18 in. x 36 in., the cover 
being hinged and hermetically sealed by means of eye bolts 
and hand nuts (this makes opening easy in any kind of 
weather). ‘To make the spotting of the car easy, it has been 
provided with an outlet valve exactly in the center, and the 
steam inlets for heating the car are also placed exactly on 
center, one on each side of the ear, so that the car can be 
headed either way. For purposes of heating, the car is pro- 
vided with the piping so arranged that the steam starting 
from the center will travel at once toward the two ends and 
then come back to the center around the outlet valve which 
is in its turn provided with a steam jacket, the water of con- 
densation being discharged through a Sarco valve of ample 
capacity. 

For rapidly and completely emptying the car tank, there 
is provided a trough running longitudinally between the 
bolsters. This trough is 8 in. wide and riveted to the bottom 
of the tank is a semi-cylindrical bottom with a depth of 6 in. 
at the outside extremity and 1 ft. in the center. The outlet 
valve is riveted to this trough. Six 6 in. and one 6 in. x 
18 in. hole in the center let the oil run through the whole 
length of the car into the trough. The return steam pipe is 
placed in the bottom of this trough and is connected to the 
steam jacket of the outlet valve. This permits the oil to be 
heated thoroughly and run quickly, while the 6 in. fall of the 
trough towards the outlet valve allows the car to be com- 
pletely emptied. 

The body of the car is composed of a center sill and two 
body bolsters, resting on the trucks. The center sill, 37 ft. 
3 in. in length over striking plates, or 39 ft. ¢« to «. of 
couplings, is made of two 12 in. 40 lb. ship-building chan- 
nels (Carnegie Section) spaced 127% in. back to back. The 
two ends up to the bolsters are covered top and bottom by 
15-in. cover plates, and between the bolsters, the bottom 
flanges of the channels are strongly latticed together, and 
the top flanges are reinforced by two 8 x 31% x ¥% in. angles. 

The saving of weight due to this kind of design is about 
3,500 Ib. per car, the approximate weight of an ordinary 
tank ear of the same eapacity being about 44,000 Ib. (24 
gpd.) 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as ¢ com- 
parative; d descriptive; e experimental; g general; h his- 
torical; m mathematical; p practical; s statistical; t theoret- 
ical. Articles of especial merit are rated A by the reviewer. 
Opinions expressed are those of the reviewer, not of the 
Society. The Editor will be pleased to receive inquiries for 
further information in connection with articles reported in 
the Survey. 
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MEETINGS 
WORCESTER, APRIL 8 
At a meeting of the Worcester Section of the Society on 
April 8, the following committee was appointed: Paul B. 


Morgan, chairman; Carl F. Dietz, H. P. Fairfield, F. W. 
Parks and E. H. Reed, secretary. 


ST. LOUIS, MAY 19 


A meeting of the St. Louis Section was held at Washing- 
ton University on May 19 and was presided over by Mr. 
J. W. Woermann, President of the St. Louis Engineers’ 
Club. There was no single paper as such, but a general dis- 
cussion took place covering the requirements and length of 
an engineering course of study. Professors A. S. Langs- 
dort, J. L. Van Ornum, E. L. Ohle, G. O. James, of Wash- 
ington University; and Professor EF. L. MeCausland, of the 
After the dis- 
cussion, inspection of the laboratory at Washington Uni- 
versity was made. 


Univefsity of Missouri, led the discussion. 


CINCINNATI, MAY 20 


the 
Cincinnati on 


meeting of the Cineinnati Section of 
Am.Soe.M.E. and the Engineers’ Club of 
May 20, Dr. A. O. Zwick 


Egypt, Light of the World, which showed how our modern 


At a joint 


gave an illustrated lecture on 


civilization is based upon the works of the Egyptians. They 
originated many of the present-day professions, and their 
knowledge of many branches of science was more highly 
developed than was found in our civilization 150 years ago. 
Dr. Zwick also showed how to compute the ages of the 
great Egyptian monuments and other structures that were 
Through the key to the 
Egyptian language (the Rosetta stone), found by an engi- 


erected some 13,000 years ago. 


neer, many valuable works have been translated which re- 
veal that a remarkably high degree of development in ecul- 
ture and science existed in that remote period. 


ST. LOUIS, JUNE 9 


A joint meeting at the St. Louis Engineers’ Club rooms, 
presided over by Mr. J. T. Garrett, Vice-Chairman of the 
local section of the American Society of Engineering Con- 
tractors, was held on June 9. The paper of the evening was 
by J. B. Emerson, of the Robert W. Hunt & Company, on 
* Needed Improvements in Specifications.” The main points 
brought out were: First, too many specifications, while eall- 
ing for specific tests, do not state with what frequency such 
tests should be applied; in other words, the number of tests 
per unit, or number of units per test, being entirely omitted. 
Second, the general clause of many specifications conflict 
with details given later, leading to much ambiguity. Third, 
the working limits of dimensions given should be more 
clearly defined. A specification without such limits, in the 
hands of an inexperienced inspector, causes the contractor 
a great loss, calling for minute measurements which are 
neither required nor desirable in that class of work. This 
paper was discussed by H. M. Cryder, Mr. Cramer, and 
others. 

This was followed by an outline of tests being made by 
the United States Bureau of Standards, on full sized col- 
umns, by Dr. R. G. Olhausen. The total attendance was 46. 
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MINNESOTA, JUNE 11 AND 12 
A joint meeting of the Minnesota Section with the 
Minnesota Section of the A.LE.E. was held on June 11 


and 12 in Duluth. Mr. Ryerson of the Great Northern 
Power Company gave a paper, illustrated by lantern slides, 
Mr. 
Hearding of the Oliver Iron Mining Company gave a mov- 
ing picture talk on the [ron Ore Industry of Minnesota. 
The pictures showed all the process in the mining, from the 


on the Great Northern’s development and business. 


prospecting to the loading of the ore on the boats for ship- 
ment. 

The second day of the meeting was taken up with ex- 
eursions, which included various docks and the new plant 
of the Minnesota Steel Company. 


LOS ANGELES, JUNE 15 


A joint meeting of the technical societies in Los Angeles 
was held on June 15. William Mulholland, chief engineer 
of the Los Angeles water board; James A. B. Sherer, presi- 
dent of Throop College of Technology, and Samuel Storrow, 
addressed the meeting on The Service of the Technical Man 
to the Community. 


ST. LOUIS, JUNE 16 

A joint meeting under the auspices of the A.S.M.E. was 
held on June 16, at which Edward Flad, Chairman of the 
local branch of the A.S.M.E., presided, 
evening was by E. R. Fish, secretary of the Heine 
Works. His paper was entitled: Boiler Explosions, and 
What the A.S.M.E. is Doing to Prevent Them. He traced 
the development of the idea of standard specifications; how 


The paper of the 
soiler 


the requirements for safety in boilers were first put into con- 
crete form by Thurston; showed how closely the A.S.M.E. 


Code fulfilled Thurston’s outline requirements. He then 
told of the lack of uniformity of boiler codes among the 
various states, and the efforts being made by American 


Boiler Manufacturers Associations to obtain the adoption of 
the new code, by all of the state legislatures. 

The lecture was concluded with illustrations showing boiler 
explosions and bad conditions due to failure to follow best 
engineering practice, both in design and operation of boilers. 

There was an interesting discussion following the presenta- 
tion of the paper by Edward Flad, Prof. E. L. Ohle, L. A. 
Day, Wm. Hotfman, and others. 

At the same meeting the report of the joint committee 
was made, on the proposed water power development through 
diverting water from the Missouri to the Meramec Rivers. 
Previously the Missouri State Legislature had reported on 
this project favorably, estimating a probable development o% 
200,000 hp. The Engineers’ Club report was distinetly un- 
favorable, showing that the possible horse-power was only 
37,000, and the cost of development much more than that 
estimated by the state legislature. 


NECROLOGY 


EBENEZER HILL 


Ebenezer Hill was born .in South Norwalk, Conn., on 
October 5, 1849. He graduated from Wesleyan University 
with a degree of B.A. in 1870, and with a degree of M.A. 
in 1891. From 1870 to 1880 he was engaged, in connection 
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with others, in the design, construction and installation of 
steam pumping machinery and steam engines of various 
types. In 1880, he became the responsible executive head 
of the Norwalk Iron Works Company, and shaped the 
business to the manufacture of air compressors and allied 
machines. He held this position up to the time of his death, 
which occurred on February 26, 1915. 


JOHN PHILIP ZIPF 


John Philip Zipf, Jr., was born at West Point, Cal., on 
March 19, 1888. He attended the California School of Me- 
chanical Arts and the University of California, from whieh 
he graduated in May, 1912. After graduation, he worked 
with Mr. R. F. Chevalier, a consulting engineer, in testing 
boilers for numerous gas and power plants in and about 
San Francisco. In December, 1912, he accepted a position 
with the Ramie Fibre Company of San Francisco as drafts- 
man. After the failure of this company, he accepted a posi- 
tion with the Sutter Basin Company of Sacramento as 
draftsman of plans for electrie pumping machinery for their 
reclamation project. Having completed their work in May, 
1914, he entered the office of the California State Engineer 
at Sacramento, Cal. Mr. Zipf died at his home in San 
Francisco, Cal., on May 24, 1915. 


BFNJAMIN FRANKLIN ISHERWOOD 


Benjamin Franklin Isherwood was born in New York on 
October 6, 1822. He was educated at Albany Academy and 
afterward served under David Matthews, master mechanic 
of the Utiea and Schenectady Railroad. He was promoted 
to the civil engineer’s office and, on the completion of the 
road, he went to work on the Croton aqueduct. After this 

yas completed, he worked on the construction of the Erie 
Railroad under Charles B. Stuart, division engineer, who 
later became engineer in chief in the navy, and it was through 
his influence that Mr. Isherwood entered the navy in 1844. 
Later he was assigned by the U. S. Treasury Department to 
work on the construction of light houses, and was sent to 
France to superintend the construction of light house lenses 
there from his own designs. At the outbreak of the war with 
Mexico, he served on board the Princeton, the first Ameri- 
can serew steam vessel built by Ericsson for the government 
as an experiment. He was promoted to be chief engineer of 
the Spitfire, and he took part in every action in which the 
American fleet was engaged during the war. 

His experiments in the expansion of steam on board the 
U. S. S. Michigan in 1859 almost revolutionized the methods 
of using steam. He designed the engine of the U. S. cruiser 
Wampanoag, which was built in 1868 and which was the 
fastest steamship in the world at that time. She had a speed 
of seventeen and three fourths knots. 

He was chief engineer in the navy from 1861 to 1869, 
covering the entire period of the Civil War, when more 
than six hundred steam vessels and three thousand engineers 
were in the service. 

During the years 1870 and 1871, he was stationed at the 
Mare Island Navy Yard, California. His experiments there 
with serew propellers are regarded as among the greatest 
additions to engineering. He was retired as chief engineer 
with the rank of rear admiral on June 6, 1884. He was the 
author of many engineering works, some of which have been 
used widely as text books in technical schools. 

Mr. Isherwood died at his home in New York City on 
June 19, 1915. 
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PERSONALS 
Thomas R. Cook, until recently assistant engineer of mo- 
tive power, Pennsylvania Lines West, Pittsburgh, Pa., has 
aecepted the position of chief engineer of the Willard Stor-. 
age Battery Company, Cleveland, Ohio. 


Everett W. Swartwout, formerly of the Chicago office of 
the Nordberg Manufacturing Company of Milwaukee, is now 
associated with M. N. MacLaren in the New York oflice of 
the company. 


John KE. Lord has accepted a position with the Nordberg 
Manufacturing Company as manager of their Chieago office. 
He was until recently with the Buckeye Engine Company. 


Myron J. Bigelow, who was connected with the Molyneux 
Mailing Machines Company of Buffalo, N. Y., has severed 
his connection with that company and is now consulting 
engineer, located temporarily in Akron, Ohio. 


Gustave R. Tuska, consulting engineer, New York, has 
been appointed lecturer in municipal waste disposal at Co- 
lumbia University, New York, and will deliver a course of 
lectures on this subject at the University during the coming 
year. Mr. Tuska has for some years been acting as con- 
sulting engineer to various garbage, refuse and waste dis- 
posal plants both in this country and abroad. 


Ronald C. Hands has become atfliliated with the Winchester 
Repeating Arms Company, New Haven, Conn., as assistant 
to the supervisor of the mechanical division. He was, until 
recently, connected with the planning and efficiency work 
of The Bridgeport Brass Company, Bridgeport, Conn. 


David J. Lewis, Jr., lias become associated with W. J. 
Wayte, a chemical engineer, with offices in New York, oper- 
ating as consulting engineers under the title of W. J. Wayte, 
Incorporated. Their specialty is the utilization of wastes 
in power and manufacturing plants, especially in sugar and 
chemical works. 


T. Omdal, formerly mechanical engineer with Lieberman 
and Sanford Company, New York, is now a member of the 
firm of The Equity Lron Works, Brooklyn, N. Y. 


William E. Choate, acting general manager of the Carr 
Fastener Company, Cambridge, Mass., will leave that posi- 
tion August 1 to take a similar one with The Advance Ma- 
chine Company of Boston, Mass. 


John E. MacArthur, formerly connected with the Pierce- 
Arrow Motor Car Company and more recently superin- 
tendent of the Keystone Manufacturing Company, resigned 
on May 1 to become general superintendent of the Robinson 
Fire Apparatus Manufacturing Company of St. Louis, Mo. 


Jacob M. Howarth has become associated with Marshall 
Field and Company of Chicago, IIL, as assistant chief engi- 
neer. He was until recently mechanical draftsman and test 
engineer in the U. S. Yards of Swift and Company, Chi- 
‘ago, Ill. 

Harold K. Beach has been transferred from the Atlanta, 
Ga., office to the New York office of Lockwood, Greene and 
Company. 

William E. Bullock has resigned his position as assistant 
to the Secretary of The Franklin Institute and has been ap- 
pointed on the editorial staff of the Am.Soc.M.F. 

George B. Massey has resigned as foreign sales manager 
of the Bueyrus Company and has formed the Geo. |. 
Massey Company, consulting engineers, on excavating ma- 
chinery and methods, with offices in the Peoples Gas Build- 
ing, Chicago. 

Edwin G. Hatch has opened an office for consulting work 
in the Equitable Building, New York, and will have associ- 
ated with him Herschel C. Parker, for twenty-one years pro- 
fessor of Physics in Columbia University. Mr. Hatch was 
formerly associated with Walter G. Clark of New York, 
specializing in electrical work, having entire charge of the 
work in New York sinee 1913, during Mr. Clark’s absence 
in the West. Mr. Hatch was also treasurer and manager ot 
the Clark Electric Company, and was largely instrumental 
in developing the company’s high tension line apparatus. 
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STUDENT BRANCHES 
CARNEGIE INSTITUTE OF TECHNOLOGY 
The last meeting of the year held by the Carnegie Insti- 
tute of Technology was addressed by George H. Redding, 
assistant secretary of the Institute, on The 
Mechanical Engineering Graduates of the Carnegie Institute 


Success ot 


ot Technology. 

Mr. Redding first told of the method used for keeping 
statistics of the graduates. Every year a blank is sent to 
each graduate to be filled out and returned to the Institute. 
The information asked for included the kind of work being 
done, the salary being received, and whether the man is sat- 
isfied with his work. He is also asked in what range his 
salary lies. In reply to the last question, the following 
been submitted: 900-1200, 1200-1500, 1500- 
1S00, 1800-2000, 2000-2500, and above 2500. This method 
has proved quite satisfactory, and most of the graduates 
Mr. Red- 


ding said that, however unfair it might be to measure a 


ranges have 


have responded with the required information. 
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man’s suecess by the salary which he receives, it is their only 
means of tabulating and representing in graphical form the 
progress of a large number of men over a period of years, 
and that the accompanying chart would give young engi- 
neers a fair idea of what they might expect when they got 
out into the world of working men. The data which has been 
used has included information from approximately ninety 
per cent of the mechanical engineering graduates. Some 
men just out of college become, in a short time, dissatisfied 
with the routine and grind which must always be undergone 
if suecess is to come. It is a significant fact, however, that 
the majority of these mechanical engineers who deviated 
from engineering work eventually went back to the field for 
which they were trained. One man, for instance, a graduate 
of early years, went into another field of work in which he 
was able to make a very large salary. He. is now, however, 
doing mechanical engineering work whereby he can gain 
additional experience, and, although his salary is small, he 
says that he is satisfied. 
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COLORADO AGRICULTURAL COLLEGE 


At a meeting of the Colorado Agricultural College Student 
Branch on May 29, Professor Crain addressed the society 
on the uniflow engine. He deseribed first the heat loss that 
takes place in the counterflow engine, due to the condensa- 
tion, and how the loss is minimized by the uniflow principle. 
He then deseribed the Stumpf Uniflow Engine which has 
been developed in Germany. The Stumpf engines are run 
condensing, and, in order to meet the American requirement 
of running non-condensing, an auxiliary valve has been 
added. By means of diagrams, he illustrated the difference 
between the valves of the counterflow and those of the uni- 


flow engines. 


KANSAS STATE AGRICULTURAL COLLEGE 


At a meeting of the Kansas State Agricultural College 
on June 9, the following officers were elected for the com- 
ing vear: L. A. Wilsey, president J. I. Michaels, 
president; F. R. Rawson, secretary, and Charles Zimmer- 


vice- 


man, treasurer. 
W. L. 


course, gave a paper on Variable Compression on the Econ- 


Rhoades, a senior in the mechanical engineering 


omy of a Corliss Engine, which were the results of a thesis 
which was carried on by him and A. H. Ganshird on the 
They 


gave as the results of their tests that as the compression 


economy of a simple, non-condensing Corliss engine. 


increased up to about eighty per cent of the initial steam 
From the 
results of Clayton’s analysis, the conclusion was made that 


pressure, the economy of the engine increased. 


there was leakage past the piston of the engine used in the 
test. 

Shelby Fell, a senior in the course of electrical engineer- 
ing, gave a paper on Tests of a Mercury Are Rectifier, which 
were the results of his thesis which was performed to deter- 
mine the efficiency, shape of the wave and losses of a mer- 
cury are rectifier. 

PENNSYLVANIA STATE COLLEGE 

A meeting of the Pennsylvania State College Student 
Branch was held on May 19. 
the Branch, read a paper on 
A.S.M.E. issued by the Society. 

The following officers were elected for the coming year: 
H. L. Mummert, president; G. H. Dunn, vice-president; E. J. 
Kenney, secretary; P. N. Ziegler, treasurer, and Prof. J. P. 


W. D. Garman, president of 
Student Branches of the 


Calderwood, of the Advisory Committee, to ecountersign 
checks. 


PURDUE UNIVERSITY 

A meeting of the Purdue University Student Branch was 
held on May 18, at which the following officers for the eom- 
ing year were elected: W. F. Miller, chairman; R. B. Stein, 
vice-chairman; H. R. Snyder, recording secretary; L. C. 
MeAnley, corresponding secretary, and O. F. Hambrock, 
treasurer. 

C. T. 
Chalmers Manufacturing Company of Milwaukee, spoke on 
Gas Engine Practice. 


Sprado, chief designing engineer with the Allis- 


His discussion was mainly on the in- 
ternal combustion oil engine, the study of which he has spent 
some twelve years. The oil engine that was deseribed was 
Illustrative 
slides were used, showing each part of the engine in detail. 


the one made by the Allis-Chalmers Company. 


The engine is of very late development, very similar to the 
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gas or gasoline engine in construction. A horse-power, how- 
ever, can be developed at a much lower figure than by either 
of the other engines. Each part of the engine was taken up 
and explained in detail, the first part discussed, being the 
different types of plungers used and the one that has proved 
most satisfactory. In discussing the different types of 
valves, Mr. Sprado made the statement that the valve 
being used at present on the piston is almost perfect in 
design. It has been tested in their shops, and has been in 
use on engines that run continuously twenty-four hours a 
day for six months without stop. The Allis-Chalmers engine 
has many improvements in the working of the piston which 
makes it distinctive above all other types. 

Mr. Sprado also made a comparison of the vertical and 
horizontal types of engines. He disproved the idea that 
most people seem to have that the horizontal engine takes 
more floor space than the vertical. He showed that the lubri- 
cation of a horizontal engine was more thorough and the 
system much simpler. <A vertical engine is not guaranteed 
to be started in less than five minutes and it is a consider- 
able job. The horizontal engine made by the Allis-Chalmers 
people may be started in less than one minute. Following 
this, a few slides were thrown on the sereen, showing effi- 
ciency curves of the different types of engines. 


SYRACUSE UNIVERSITY 

A meeting of the Syracuse University Student Branch 
was held on May 21, at which the following officers for the 
coming year were elected: D. R. Hay, president; S. S. Am- 
dursky, vice-president; H. B. Tracy, seeretary, and E. H. 
Brooks, treasurer. 

Dr. John E. Sweet gave a lecture on Harmony of Theory 
and Practice, and gave many examples where theory and 
practice do not harmonize. Principles worked out by scien- 
tists very many times cannot be adopted in engineering proj- 
ects. The impression left with the audience was that an en- 
gineer’s experience is worth much more to him than his 
technical training, but that he must have both to be success- 
ful, and that he must not place too much faith in pure 
science, but realize that he must separate by his accumu- 
lated knowledge the practical from the impractical. 


THROOP COLLEGE OF TECHNOLOGY 


At the regular meeting of the Throop College of Technol- 
ogy Student Branch, held on May 19, Harold Doolittle, 
assistant construction engineer of the Southern California 
Edison Company of Los Angeles, told about the construe- 
tion and the operation of their plant at Long Beach. Most 
of the students had been to see this plant on an inspection 
trip a few weeks before this, so that the illustrations and 
descriptions given by Mr. Doolittle helped to make many of 
the things clear. This plant, supplying power to a large 
number of towns and cities of Los Angeles County, has 
three Curtis turbines, 12,000, 15,000 and 20,000 kva., with 
sufficient building space for the addition of a fourth unit. 

On May 21, a meeting was held at which the following 
officers were chosen: V. E. Farmer, chairman; C. H. Ride- 
nour, vice-chairman; J. A. Beattie, secretary, and Arthur 
Stert, treasurer. 


UNIVERSITY OF CINCINNATI 


The largest meeting of the school year of the University of 
Cincinnati Student Branch was held on May 21, at which the 
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following officers were chosen: A. J. Langhammer, presi- 
dent; RK. S. Rickwood, vice-president, and W. T. Cowell, 
secretary and treasurer. The speaker of the evening was 
A. M. Sosa, chief draftsman of the American Tool Works 
Company. His subject was Pitfalls Along the Path of 
the Young Engineer. The speaker pointed out that engi- 
neers alter graduation separate very quickly, and that each 
individual had the same set of tools, so to speak, at his com- 
mand. Now, if never before, the graduate will ask himself 
the questions: “ What is my value? What have I learned 
and what have I yet to learn?” If an employer were to 
answer these questions, he would say: “ You are praise- 
worthy, but you lack experience.” 

During his course the student has learned many things. 
He has studied physics, mathematics, mechanism, ete., and he 
has been taught to handle instruments skillfully. However, 
when a student assumes a position, his work is along one 
branch of the subject he has studied. He may find that 
this particular branch has been given but little time in his 
course. His efforts from now on are concentrated upon this 
one branch and its details; and as he progresses in his work 
his knowledge of the science of engineering increases and he 
gains his experience. The young engineer now realizes that 
by experience is meant the history of that particular braneh 
of engineering which he is following. 

Mr. Sosa emphasized that engineering work is primarily 
analytic, and if one error is made in the analysis the mis- 
take will show. All engineering knowledge is the result of 
three things—observation, comparison and combination, and 
to get results, it is not necessary to know the precise nature 
of certain phenomena; for example, heat, electricity, friction, 
ete. We know that, under certain conditions, each will ex- 
hibit certain characteristics, and to a man on the job this 
is quite enough. When new fields are being explored, the 
methods are analogous; that is, certain facts are discovered, 
laws are formulated, and results are derived from these. 

Professors A. L. Jenkins and A. C. Joerger gave short 
addresses. 

UNIVERSITY OF MINNESOTA 

A regular meeting of the University of Minnesota Student 
Branch was held on May 6, to which the whole sopho- 
more mechanical engineering class was invited. Professors 
Martenis, Shoop and Rowley, and Mr. Colvin, of the Post- 
seniors, spoke on the general theme of membership. 

The meeting held on May 13 was open to the whole engi- 
neering college, at which H. 8S. Whiton, of the Minneapolis 
General Electric Company, spoke on System Operation. He 
very interestingly described the problems and woes of the 
operator of a large light and power distribution system like 
that in the city of Minneapolis. The slides which he used to 
illustrate his lecture showed the power plants and branch 
station of the Minneapolis General Electrie Company. 

The last regular meeting of the Branch was held on May 
20. The meeting was called to order to give Mr. Shoop, of 
the Experimental Engineering Department, a chance to 
speak to the senior and post-senior men about connecting 
themselves with the national Society as Junior members. 


UNIVERSITY OF NEBRASKA 


At a meeting of the University of Nebraska Student 
Branch on May 4, the following officers were elected: L. L. 
Westling, chairman; R. B. Saxon, secretary, and W. C. 
Chapin, treasurer. 
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WORCESTER POLYTECHNIC INSTITUTE 

At a meeting of the Woreester Polytechnie Institute held 
on May 21, the following officers were elected: Harold Nutt, 
chairman; Thomas W. Farnsworth, vice-chairman; John 
A. C. Warner, secretary, and Everett H. Francis, treasurer. 

Following the executive business, abstracts from several 
senior theses were read. Among them were Investigation 
and Test of a White Gasoline Motor, by Harrison W. Hos- 
mer and George W. Smith; Heat Treatment of High Speed 
Steels to Meet the Cutting Requirements of Different Metals, 
by Ralph C. Nourse and Austin EF. Poirier; and Test of the 
Westinghouse Electric Lighting, Starting and Ignition Sys- 
tem, by Clifton P. Howard and Raymond P. Lansing. 

This meeting brought to a close the first year of the 
Worcester Polytechnic Institute Student Branch. The meet- 
ings of the year have been well attended, and, by resort to 
publicity, the open meetings have been well attended by an 
interested public, and it is believed that the work of the 
Branch has been of value not only to the Institute, but to 
the community as well. 


EMPLOYMENT BULLETIN 


The Secretary considers it a special obligation and pleasant duty 
to be the medium of assisting members to secure positions, and is 
pleased to receive requests both for positions and for men. Copy 
for the Bulletin must be in hand before the 18th of the month, 


POSITIONS AVAILABLE 


The Society acts only as a “ clearing house” in these matters and 
is not responsible where firms do not answer. In sending applica- 


tions stamps should be enclosed for forwarding. 


0147 Designer on dies for forgings. Location, New York. 


0148 Draftsmen wanted for work on small machine parts. 
Location, New York. 


0149 Wanted: A man to analyze and make reeommenda- 
tions for cutting shop costs; must be familiar with the latest 
shop practice, be able to figure speeds and feeds and make 
time studies. Work covers foundry, pattern and machine 
shops and building power house equipment. Give full in- 
formation in first letter. Name of company confidential. 
Location, New York State. 


0153 Wanted for Pittsburgh territory young mechanical 
engineer, gs engineering salesman for high grade power 
plant steam apparatus; condensers, jet apparatus, re-cooling 
plants, water heaters, ete. Some experience in selling pre- 
ferred. Apply by letter. 


0155 Sales manager for Chicago office of manufacturers 
of power accessories, Desire a man who is well acquainted 
with the mechanical engineers in Chieago and surrounding 
territory. Must be well versed in power plant work, in- 
dustrious and not afraid to work. Apply by letter. 


0156 Engineer for inspection of machine parts. Knowl- 
edge must cover quality of machine work and parts. Loea- 
tion, New York. 


0158 Checkers on detail drawings of Diesel engines. Men 
of experience in checking drawings, but not necessarily those 
who have worked at this particular line. Location, New 
York. 


0160 Young graduate in engineering who has had at 
least two years experience in heating and ventilation. Loea- 
tion, Michigan. 


0163 Chemist for works of manufacturing chemist. Lo- 
cation, New Jersey. 


0164 Foreman of shop for manufacturing chemist. Lo- 
cation, New Jersey. 


0165 Assistant engineer with experience in supervision 
of power plant and factory design. Chemical plant experi- 
ence specially desired, though not necessary. Location, New 


York. 


0166 Position of general manager of sales is open to a 
man of ability and equipment with a large firm manutactur- 
ing heavy machinery. Experience in sale of both steam 
and gas engines essential. Name strictly confidential. 


0167 Foreman for plant repair department of Connecti- 
cut concern; department is largely general mill repair work; 
must be able to handle machinists, millwrights, carpenters, 
blacksmiths, laborers, masons, etc., and should possess the 
ability to supervise and keep varied work going at the same 
time. 


0168 Mechanical engineer, capable of taking charge ot 
development department of company manufacturing stokers. 
Man having experience with forced draft stokers preferred. 
State age and experience, giving full details and salary ex- 
pected. Apply through Society. 


0170 A consulting engineer of New York, with practice 
in a special field which can be greatly extended, desires to 
take into partnership an engineer who can invest some 
money and with qualifications for conducting investigations 
in the fields of physies and applied mechanies. Apply by 
letter. 


MEN AVAILABLE 


The published notices of “men available” are made up from 
members of the Society. Notices are not repeated in consecutive 
issues of the Bulletin. Names and records are kept on the office 
list three months, and at the end of such period if desired must be 
renewed 


G-170 Member, sales engineer, located in New York, good 
correspondent and estimator, broad acquaintance in manu- 
facturing, engineering, and expert in field work, and ex- 
perience in handling successfully well-known accounts in 
New England and Eastern States, desires to negotiate with 
manufacturer wishing a reliable representative in New York 
who will accept the responsibility for the management and 
results. 


G-171 Member, with an unusually thorough experience 
in manufacture, and with first class record as executive, at 
present in successful consulting practice in scientific manage- 
ment, and especially successful in developing capable men, 
desires manufacturing executive position. 


G-172 Member, graduate M.E., ten years experience in 
the operation of power plants, now specializing in selling 
coal to power plants, understands selling coal on specifiea- 
tions, desires position as fuel engineer with a dealer or pro- 
ducer of coal. 


G-173 Graduate M.E., age 25, two years experience in 
office work and drafting department of a heating and ven- 
tilating concern, desires position in the same or along similar 
line. 


G-174 Junior, aged 26, seven years experience embrac- 
ing machine shop, drafting room, installation, production 
and estimating, desires position as assistant to executive or 
consulting engineer. At present employed but is seeking ad- 
vancement. 


G-175 Member, specializing in the installation of scien- 
tifie management, can take on a limited amount of additional 
work, 


G-176 Member, age 40, with 24 years of broad, practical 
and theoretical experience in erecting, operating and con- 
sulting capacities, also as master mechanic and mechanical 
superintendent in connection with the manufacture of ma- 
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chinery and prime movers, and in the maintenance, recon- 
struction and operation of paper and jute mills, desires posi- 
tion in either power plant or mill work. 


G-177 Associate member with 20 years experience cov- 
ering general office work, advertising, domestic and foreign 
sales, with knowledge of shop cost and wage systems and 
a wide general technical knowledge, has had more than four 
years business experience in fourteen foreign countries; 
broad aequaintanceship both at home and abroad and could 
develop foreign sales or promote manufacturing or sales 
branches abroad, desires to get in touch with growing con- 
cern that desires to increase business. Would accept a 
nominal salary with an agreement for bonus based upon 
results or a moderate fixed compensation. 


G-178 Member, works manager and mechanical engineer, 
with nine years experience as engineer on water works, elec- 
trie power station and steam engine work, twelve years ex- 
perience as manager and designing engineer, manufacturing 
plant, building gas engines, automobiles, pumps, tractors and 
excavating machinery and with six years experience with 
efficiency methods, has managed 1900 men, laid out, built, 
equipped and organized plants, would like to build and 
organize new plant, or improve a growing plant. 


G-179 Member, Cornell graduate, age 31, married, six 
years experience in refrigerating engineering and general 
power plant work, two years experience in teaching, desires 
position for the coming academic year in mechanical depart- 
ment of a technical school. 


G-180 Member, age 46, technical graduate, married, ex- 
perienced in engineering work with prominent engine builder 
and as resident engineer and chairman of safety committee 
of steel works, desires position. Salary, $3000. 


G-181 Factory superintendent or foreman, 15 years ex- 
ecutive experience, capable of producing results; practical 
machinist, toolmaker, and thoroughly conversant with mod- 
ern manufacturing methods, organizing and increasing pro- 
duction. 


G-182 Technical graduate, wide experience as railway 
mechanical engineer, as machinist, motive power draftsman 
and mechanical engineer desires position along these lines, 
or one as mechanical inspector, assistant superintendent mo- 
tive power, or assistant to general manager. Location, im- 
material. 


G-183 Associate-member, Stevens graduate, age 27, six 
years gas engine experience in designing, experimental, test- 
ing, machine shop work and sales, desires position as assist- 
ant to superintendent or other responsibility. 


G-184 Engineer with five years experience in steam tur- 
I 

bines, power plant and reinforced concrete work desires per- 

manent position. At present employed. 


G-185 Young technical graduate, single, desires work in 
any branch of the engineering profession. 


G-186 Member with broad experience of over 20 years 
as general manager of large plant including foundry ma- 
chine and metal working shops, also in charge of sales and 
financial development and practical experience in all de- 
partments, desires position along the same lines. 


G-187 Associate-member, age 34, graduate M.E., ten 
years consecutive and successful experience from machine 
shop to designing engineer; four years experience in design 
and construction of ordnance equipment of navy department ; 
five years in design of special machinery, hydraulic ma- 
chinery and in layout of power plants. Has held positions 
as draftsman and designer and U. S. Junior engineer and as 
assistant engineer on construction. At present employed 
but desires to make change. 


G-188 Member, technical graduate, 12 years experience 
in design, operation and maintenance of heat, light and 
power plants, especially in improvement and supervision of 
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power plant to obtain greater efliciency. At present em- 
ployed but wishes to connect with firm of engineers or pri- 
vate corporation. 


G-189 Member, age 37, technical graduate, two years 
consulting and betterment work in factories, ten years ex- 
perience in designing, engineering production and account- 
ing lines in manufacturing steam, gasoline and automobile 
engines and light and heavy machinery, desires position. 


G-190 Junior, 1914 graduate Massachusetts Institute of 
Technology, desires position with a mill architect of manu- 
facturing concern. Any position offering good experience 
and a chance for advancement will be considered. 


G-191 Young engineer with technical training and two 
years experience in the design and manufacture of high 
duty pumping engines, and one year in the construction and 
maintenance department of large public service corporation 
in New York, desires position with a future with firm lo- 
sated in the Middle West. 


G-192 Junior member, graduate in mechanical engineer- 
ing, assistant to steam engineer in large manufacturing 
works, with experience in power plant supervision and boiler 
room efficiency, and with knowledge of power costs and dis- 
tribution in manufacturing, desires position as steam engi- 
neer. 


G-193 Junior member, Columbia graduate, thoroughly 
experienced in railway, construction and electrical lines, de- 
sires position with consulting engineer or contractor, or sim- 
ilar line. At present employed. 


G-194 Junior member, graduate M.E., three years varied 
experience, desires position as laboratory instructor. 


G-195 Junior member, Stevens graduate, energetic, re- 
sourceful, capable of handling men, eight years experience 
in engineering with firm manufacturing power plant equip- 
ment, also shop and drafting room experience, desires posi- 
tion which does not necessitate traveling. Has specialized 
in steam engineering. 


G-196 Member, in consulting practice, with broad expe- 
rience in perfecting general organization of manufacturing 
companies and in efliciency operation of plants, including 
familiarity with various processes of manufacture, particu- 
larly metal working, is open to temporary or permanent 
connection. Under suitable conditions will take stock or 
interest in profits as part compensation for services. 


G-197 Junior member, age 27, Stevens graduate, pos- 
sessing unusual mathematical ability, and with four years 
experience in experimental, plant and executive, work, de- 
sires position. At present employed, but will be open for 
position in July. 


G-198 Member A.S.M.E. and A.S.T.M., technical grad- 
uate, age 38, four years learning machinist trace, 13 years 
experience in executive positions with two companies manu- 
facturing brass and iron steam specialties such as valves, 
lubricators, ete. Familiar with foundry, finishing and as- 
sembling operations. 


G-199 <Associate-member, graduate Swiss Government’s 
mechanical school, command of French and German, eleven 
vears practical experience as machinist, tool-die maker, tool 
department, foreman, draftsman, machine and tool designer 
and inspector, familiar with modern manufacturing meth- 
ods, desires position with opportunity. Capable of handling 
men. 


7-200 Mechanical engineer, technically educated, age 30, 
mafried, one and one half years shop experience and ten 
years practical experience in engineering departments of 
large concerns manufacturing valves, steam and engineering 
specialties well versed on power plants; executive ability. 


G-201 Mechanical engineer with broad designing experi- 
ence of steam pumps, open for position as draftsman, hav- 
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ing held similar position for years with a leading pump con- 
cern; best references. 


G-202 Student member, age graduate M.E. at Wash- 
ington University; experienced in drafting, and in oil and 
cement testing; served time as special apprentice with large 
company manufacturing iron and steel products; testing or 
designing; middle west preferred. 


G-203. Member, technical graduate, age 32, having two 
capable associates and centrally located office, will take addi- 
tional representation in Philadelphia for reputable manu- 
facturer who has at present no direct representative. The 
character of the product must be such that a considerable 
business will be a result of thorough and systematic engineer- 
ing salesmanship. 


99 


four years shop 
future pros- 


G-204 Student member, 1915 graduate; 
and erecting experience. Location immaterial; 
pects most important consideration. 

G-205 Student member, M.E. Columbia University, de- 
sires employment with an engineering or manufacturing firm. 
Willing to start at low salary if there are chances for ad- 
vancement. 


ACCESSIONS TO THE LIBRARY 


This list includes only accessions to the library of this Society 
Lists of accessions to the libraries of the A.LE.E. and A.1.M.E. can 
be request from Calvin W. Rice, Secretary of Am. Sux 


secured on 
E 


AMERICAN ASSOCIATION OF DEMURRAGE OFFICERS. VDroceedings 
of 26th Annual Convention, 1915. Gift of Association. 


AMERICAN Woop PRESERVERS' ASSOCIATION. Proceedings of 


llth Annual Meeting, 1915. Baltimore, 1915. Gift of As- 
sociation. 
CARNEGIE ENDOWMENT FOR INTERNATIONAL PEACE. Tublica- 


tion no. 1. Some Roads towards Peace. Washington, 
1914. Gift of Carnegie Endowment, etc. 

CARNEGIE FOUNDATION FOR THE ADVANCEMENT OF TEACHING. 
Annual Report of the President, 1914. New York, 1914. 
Gift of Carnegie Foundation, ete. 

CENTRIFUGAL Fire Pumps, FE. EF. Maher. Reprint from Ar- 
mour Engineer, May 1915. Gift of author. 

CINCINNATI WATER WoRKS DEPARTMENT. Annual Report, 
1914. Gift of J. A. Hiller. 

Tue Competent Lire, Thomas LD. West. Cleveland, 1905. 


Gift of author. 
Essays on the development of human ability as an aid in the bet- 
terment of labor. Should be read by all who are interested in the 
improvement of the working man. W. P. C. 


CONTROLLING THE Cost OF ELeEcTrRIcITYy, Walter N. Polakov. 
Reprint from May 1915, Engineering Magazine. Gift of 
author. 

CRANES AND Hoists, Hermann Wilda, translated from the 
German by Chas. Salter. London, 1913. Gift of Hunt 
Memorial Fund. 

Tue Erricient MAN, Thomas D. West. Ed. Cleveland, 
Gardner Printing Co., 1914. Gift of author. 


Teaches the doctrine of work in the development of 7 ien 


y in 
man, and the causes of inefliciency. oe 


Memo- 
A ires, 


Comoporo RIVADAVIA. 
anos 1912/13. Buenos 


EXPLOITACION DEL PETROLEO DE 
ria Correspondiente 4 los 
1914. Gift of R. R. Edgar 

H. Boehm. 


FLY WHEEL EXPLosions, W. Reprinted from In- 


surance Engineering June 1905. Gift of Fidelity and 
Casualty Company. 
GESELLSCHAFT EHEMALIGER STUDIERENDER DER ‘Tecu- 


NISCHEN HOCHSCHULE IN Ziricn. Fiinfzigstes Bulletin 


April 1915. Gift of Technischen Hochschule in Ziirich. 
LOWELL TEXTILE Scnoor. Bulletin 1915-16. Lowell, 1915. 
Gift of Lowell Textile School. 
MASSACHUSETTS. BOILER INSPECTION DEPARTMENT. District 
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Police. Steam Boiler Rules formulated by the Board of 
Boiler Rules. Boston, 1915. Gift of A. S. M. E. 
MILWAUKEE (WIs.) SMoKE INSPecToR. Annual Report, 1914. 


Milwaukee, 1914. Gift of Chas, Poethke. 
New York State, DepARTMENT OF Heattu. Thirty-fourth 
Annual Report, 1915. Albany, 1914. Gift of State De- 


partment of Health. 


PANAMA PACIFIC INTERNATIONAL EXPOSITION, SAN FRANCISCO, 


1915. Official Swedish Catalogue. Stockholm, 1915, Gift 
of Commissioner General for Sweden. 
POLYTECHNIC ENGINEER. vol XV, 1915. Brooklyn, 1915. Gift 


of Polytechnic Institute of Brooklyn. 


PurpuE UNiversiry. Alumni Register, 1875-1911. Lafayette, 


1912. Gift of A. S. M. E. 


SANITARY DISPOSAL OF MUNICIPAL INSTITUTIONAL AND INDUS- 
TRIAL Waste. THe Morse Destructor. New York, Gift 
of Jarvis-Morse Corporation. 

STEAM BorLer EXpLosions, W. H. Boehm. New York, Gift 


of Fidelity and Casualty Company. 


TABLES ANNUELLES DE CONSTANTES ET DONNFEES NUMERIQUES. 
ART DE L’INGENIEUR ET METALLURGIS. Extrait du volume 
III, 1912. Paris, 1914. 

DONNEES NUMERIQUES ET L'ELECTRICITE, MAGNETISMI 
ELECTROCHIMIE. Extrait du volume III, 1912. 
1914. Gift of University of Chicago Press. 

These two pamphlets are reprints from the 

stants of the Portions relating (1) to Engineering and Metallurgy: 

(2) to Electricity, Magnetism and Electro-chemistry, thus placing at 

the disposal of the student at a small cost the essential standards. 


ET 
Paris, 


Annual Tables of Con 


Test Metnops ror STEAM Power PLANTS, Edward H. Tenney. 
New York, D. Van Nostrand Co., 1915, Gift of publishers. 


In connection with a large amount of experimental work done by 


the author, he has consulted numerous authorities as to testing 
methods. The methods gathered together in this book are those 
which he has found most satisfactory in practice. ww. & € 


Vol 
k, 


VALVES AND VALve GEArs, Franklin D. Furman. Ed. 2 
ume I—Steam Engines and Steam Turbines. Nei 

J. Wiley & Sons, 1915, Gift of publishers. 
The chief aim has been to tell in particular, instead of in general, 
just how the engine or motor is regulated; also to tell how the valves 


and valve gears may be laid out, with due regard to the laws of 

mechanism, to give desired control of the steam or gas or other 

EXCHANGES 


AMERICAN RAILWAY ENGINEERING AND MAINTENANCE OF WAY 


ASSOCIATION, Proceedings vol. 10, pts. 1-2. Chicago, 
1909. 
DEUTSCHES Museums. Verwaltungs Bericht, 1913-14. Mun- 


chen, 1914. 


INSTITUTION OF 
Transactions, vol. 


ENGINEERS 
LVII. 


ANvD SHIPBUILDERS IN SCOTLAND. 
Glasgow, 1914. 


INSTITUTION OF MECHANICAL ENGINEERS. List of Members, 
March 1, 1915. London, 1915. 

——— PROCEEDINGS, 1913, pt. 3 London, 191}. 

LIVERPOOL ENGINEERING Socrery. ‘Transactions. vol. XXXY, 


Liverpool, 1914. 


NEW ENGLAND WATER WORKS ASSOCIATION, 
List of Members, 1915. Boston, 1915. 


Constitution and 


NortTH CoAst INSTITUTION OF ENGINEERS ANE SuiIp- 
BUILDERS TRANSACTIONS. Vol. XXX. Newcastle-upon- 
Tyne, 1915. 


VICTORIAN INSTITUTE 
Velbourne, 1913. 


or ENGINEERS. vol XNITT. 


Proceedings. 


WESTERN Society OF ENGINEERS. Constitution, List of Mem- 

bers and Officers. 1915. Chicago, 1915. 
TRADE CATALOGUES 

3ANTAM ANTI-FRICTION ComMPpANy. Bantam, Conn. Official 
Blue Book. 1915. 

CLEVELAND Twist Dritt Company. Cleveland, O. Trill 
Chips. June 1915, 
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CLINTON Wikre CLoTH COMPANY, 
ric. April 19165. 


Clinton, Mass. Steel Fab- 


FLANNERY Bott CoMPANY. 
June 1915. 


Pittsburgh, Pa. Staybolts. May, 


HAINES, JONES 
Catalog R. 


& CADBURY COMPANY. 
Hajoca plumbing catalog. 


Philadelphia, Pa. 

1913, 

KEELER, F., 
boilers. 


COMPANY. 
45 pp. 1915. 


tubular 
45 pp. 1912. 


Williamsport, Pa. Return 
Water tube boilers. 


LESCHEN, A., & SONS Rope Company. St. Louis, Mo. 
chen's Hercules. May 1915, June 1915, 


Les- 


McINtTosH & SEYMOUR CORPORATION. Auburn, N.Y. 
Complete power plant. -Jan. 1915. Bull 56. 
engine in U. S. Mareh 1915. Bull. 57. 


Bull. 55. 
Diesel type 
Diesel type oil 


engine in European repute. March 1915. Bull 5s. Type 
B four cycle stationary Diesel system oil engines. April 


1915. 


STEPHENS-ADAMSON MFG. 
Saver. May 1915. 


COMPANY. Aurora, Ill. Labor 


TURBO-GEAR COMPANY. 
Gear. May 1915. 


Baltimore, Md. Catalogue A. Turbo 


UNDER-FEED STOKER COMPANY OF AMERICA. Chicago, Ill. Pub- 
licity Magazine. June 1915. 


WALWoRTH Mra. CoMPANyY. 


Boston, Mass. Walworth Log. 
June, 1915. : 


WARNER QUINLAN ASPHALT COMPANY. Warners, N. J. Mon- 
tezuma asphalt. 56 pp. 
WeEsBSTER Mrc. CoMPANyY. Tiffin, O. Webster Method. May 


1915. 


UNITED ENGINEERING SOCIETY 


ALUMINUM ELECTRICAL CONDUCTORS. 
Company of America. 
America, 


Pittsburgh, Aluminum 
Gift of Aluminum Company of 


AMERICAN GAS INSTITUTE. Lectures delivered at the Cen- 
tenary Celebration of the First Commercial Gas Com- 
pany, April 18-19, 1912. New York. 

AMERICAN SMALL ARMS, FE. S. Farrow. New York, 1904. 


AUTOMOBILE TRADE Directory, April 1915. 
Gift of Automobile Trade Directory. 


Ed. 3. 


New York, 1915. 


AZIMUTHS OF CELESTIAL BOopIEs. Washington, 1912. 

BRICKS AND ARTIFICIAL STONES OF NON-PLASTIC MATERIALS, 
THEIR MANUFACTURE AND USEs. A. B. Searle. London, 
1915. 


BRITISH ASSOCIATION OF GAS MANAGERS. 
ings of Annual Meeting, 1870-81. 


Report of Proceed- 
London, 1870-81, 


CARNEGIE Steel Wheels. 


Ed. 8. 


STEEL COMPANY. 
Pittsburgh, 1915, 


Carnegie-Schoen 


POCKET COMPANION FOR ENGINEERS, ARCHITECTS, 
AND BUILDERS, CONTAINING USEFUL INFORMATION AND TA- 
BLES APPERTAINING TO THE USE OF STEEL. Ed. 17. Pitts- 
burgh, 1915. 


STANDARD SPECIFICATIONS. Ed. 5. 
Gift of Carnegie Steel Company. 


Pittsburgh, 1915. 


CHEMISTRY OF CYANOGEN COMPOUNDS, H. E. Williams. Lon- 
don, 1915. 
CHEMISTRY OF THE O1rL INpUsTRIES, J. E. Southcombe. Lon- 


don, 1913. 


DEPRECIATION AND WASTING ASSETS AND THEIR TREATMENT 
IN ASSESSING ANNUAL PROFIT AND Loss, P. ID. Leake, 
London, 1912. 


DESIGN AND CONSTRUCTION OF STEAM TURBINES, H. M. Mar- 
tin. London, 1913. 


ELeEcTRIC MINE SIGNALLING INSTALLATIONS, G. W. L. Pater- 
son. London, 1914. 


ELecTRICAL BLUE Book, ed. 6. Chicago, 1913. 
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IXLECTRICAL ENGINEERING IN INpIA, J. W. Meares. 
1914. 


Calcutta, 


Dit ELEKTRIZITAT UND DIE TEXTILINDUSTRIE, Georg Obstfelder. 
Leipzig, 1912. 

MINERS’ MANUAL, ed. 2. Chicago, 1912. 

ENGINEERING OF ANTIQUITY, G. F. Zimmer. London. 


FUEL: GASEOUS, LIQUID AND Soup, J. 
drews. London, 1914, 


Costs and FE. R. An- 


GAs INSTITUTE. 
1ISS82-}, 


Transactions, 1SS2-1SS4, 1SSG6-1SS9. 


London, 


GEOMETRY OF Four Dimensions, H. P. Manning. 
1914. 


New York, 


GREAT BRITAIN. BoArp or TRADE. 
the United Kingdom, 1899-1913. 
1914. 


Statistical Abstract for 
Gist number. London, 


GREAT Britain, HoMe OFrrice, 
the Coal Mines Act, 1911. 


Law relating to mines under 

London, 1914. 

THe GUN AND Its DevetopmentT, W. W. 
London, 1910. 


Greener. Ed. 9. 


IIAMMOND'S ATLAS OF 
TAN Dustricr. 


New York Ciry AND THE METROPOLI- 
New York, 1915. 


ITANDBOOK OF MACHINE SHOP MANAGEMENT, John H. Van De- 
venter. New York, 1915. 


HANDBUCH DER INGENIEURWISSENSCHAFTEN, Ed. 5, pt. 3. Leip- 
zig, 1914. 


Herat ENGINEERING, Arthur M. Greene, Jr. New York, 1915. 


Die HERSTELLUNG, VERWENDUNG UND 
FLissicger Lurt, Oscar Kausch. 


AUFPBEWAHRUNG VON 
kd. 4. Weimar, 1913. 


History oF Stmon WILLARD, INVENTOR AND CLOCK MAKER, John 
W. Willard. Boston, 1911. 


IfyprRAULiIcs, W. M. Wallace. London, 1914. 


ILLUSTRATED TECHNICAL DICTIONARIES IN Stx LANGUAGES. 
Vol. I. Machine elements and tools for working in metal 
and wood. London. 


INCORPORATED GAS INSTITUTE. 
1902, 


Transactions 1890-96, 
London, 1890-6, 1898-1902. 


INCORPORATED INSTITUTION OF GAS E\NGINEERS. 
1801-1804, 1S06, 1903-1910, London, 1892-5, 


Transactions. 
1897, 1904-11. 


INDEX TO SPECIFICATIONS ISSUED BY THE Navy DEPARTMENT 


FOR NAVAL STORES AND MATERIAL, Jan. 2, 1915. Wash., 
1915. Gift of U. S. Navy Dept. 

INDUSTRIAL CHeEMistTRy, Allen Rogers. Ed. 2. New York, 
1915. 

INGENIEUR KALENDER, 1915, Fr. Freytag. 2 pts. Berlin, 1915. 


INVESTIGATIONS AND EXPERIMENTAL RESEARCHES FOR THE CoN- 
STRUCTION OF My Larce O1L-ENGIne, H. Junkers. Lon- 
don, 


JOURNAL OF ENGINEERING, UNIVERSITY OF COLORADO. 
1904-14. Boulder, 1904-14. 
rado. 


nos. 1-10, 
Gift of University of Colo- 


LEITFADEN FUR ACETYLENSCHWEISSER, Theo. Kautay. Ed. 2. 
Halle, 1914. 
MANUFACTURE OF ORGANIC DyYESTUFFS, translated 


from the 
French of André Wahl, F. W. Atack. 


London, 1914. 


MECHANICAL Saws, S. W. Worssam. London, 1868. 

MECHANICS APPLIED TO ENGINEERING, John Goodman. Ed. 8. 
London, 1914. 

MOoDERN INSTRUMENTS AND METHODS OF CALCULATION, E. M. 
Horsburgh. London. 


MopERN PUMPING AND HyprAULIC MACHINERY, Edward But- 
ler. London, 1913. 


MoperRN Soaps, CANDLES AND GLYCERIN, L. L. Lamborn. 
York, 1906. 


New 
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Morion Stupy AS AN INCREASE OF NATIONAL WEALTH, Frank 
B. Gilbreth. Reprinted from the Annals of the Ameri- 
can Academy of Political and Social Science, May 1915. 


Moror CycLe PRINCIPLES AND THE Licgur Car, R. B. Whitman. 
New York, 1914. 


NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS. Droceed- 
ings of the 26th Annual Convention, Nov. 17-20, 1914. 
New York, 1914. 


NAVAL ELecTrRICIANS Text Book. Vol. 11—Practieal. Ed. 3. 
Annapolis, 19165, 


New INTERNATIONAL ENCYCLOPAEDIA. Ed. 2. vols. 9-12. New 
York, 1915, 


New MINING LAWS or ALASKA, 1915, G. D. Emery. 


New York (COUNTY). OFFICE or THE State- 
ment and Report showing the purposes of the Otlice and 
Changes and Improvements made during 1914, J. J. Hop- 
per. Gift of Register. 


New YorK STATE, CONSTITUTIONAL CONVENTION. T’ROPOSED 
AMENDMENTS, 1915. Albany, 1915. 


—- Recorps. Albany, 1915. Gift of Constitutional Con- 
vention. 


New YorkK STATE PePARTMENT OF EFFICIENCY AND ECONOMY. 


Annual Report, volume 5, 1915. Albany, 1915. Gift of 
Arthur H. Blanchard. 


New York TIMES INpex. vol. TIT, Jan.-Mareh. 1915. 
York, 1915. 
OrriciAL AMERICAN TEXTILE Directory, 1914. Boston, 191}. 


Orr, Paint AND Reporrer. Green Book for Buyers, 
Mareh 1915. New York, 19165. 


ORDNANCE AND GUNNERY, O. M. Lissak. New York, 191}. 


ORGANIZATION AND MANAGEMENT OF BUSINESS CORPORATIONS, 
Walter C. Clephane, ed. 2.) Kansas City, 1913, 


Puysik. (Die Kultur der Gegenwart. Bd. I.) Leipzig-Ber- 
lin, 1915, 


PRACTICAL GILDING, BRONZING, LACQUERING AND GLASS EM- 
BOSSING, by Fredk. Scott-Mitchell. London, 1915, 


I Processt TERMOELETTRICI DELLA SIDERURGIA Moperna, C. F. 
Bonini. Milano, 1914. 


PROJECTILE THROWING ENGINES OF THE ANCIENTS, A SUMMARY 
OF THE History, CONSTRUCTION AND EFFECTS IN WARFARE, 
R. Payne-Gallwey. New York, 1907. 


Tue Rare Eartrus, Tuer CHEMISTRY AND TECH- 
NoLoGy, S. I. Levy. New York, 1915, 


REPAIR AND MAINTENANCE oF Macuinery. T. W. Barber. 


London, 1895. 


Royat Societies Rules. By-laws, List of Members. 
London, 1914. Gift of Royal Societies Club. 


RUDIMENTARY TREATISE ON CLOCKS, WATCHES AND RELLS FOR 
Purtic Purposes, FE. Beckett. London, 1908, 


SAMMLUNG ViewerG. TAGESFRAGEN AUS DEN GERIETEN DER 
NATURWISSENSCHAFTEN UND DER TECHNIK. 7, 8 11-20. 
Braunschweig, 1914. 

SANITARY REFRIGERATION AND Ick MAKING, J. J. Cosgrove. 
Pittsburgh, 1914. 


Suop Systems. New York, 1914. 


SoUuTH AFRICAN YEAR Book, 1914, W. H. Hosking. London, 
1914. 


STAMP MILLING AND CyANIDING, F. A. Thomson, New York, 
1915. 


STARTING AND LIGHTING OF AUTOMOBILES, G. Harris and 
others. New York, 1915, 


STATISCHE TABELLEN LELASTUNGSANGABEN UND FORMELN ZUR 
AUFSTELLUNG VON BERECHNUNGEN FUR BAUKONSTRUK- 
TIONEN, By Franz Boerner. Ed. 5. Berlin, 1915. 


STORAGE Batteries, list of references, 1900-1915. Compiled 
by George S. Maynard. New York, 1915. Gift of author. 


STREET PAVING AND MAINTENANCE IN EUROPEAN CiTtes, HI. 
W. Durham. Report. New York, 1913. Gift of New 
York City Bureau of Highways. 


Stupt pi Meccanica Morecotare, Luigi Ferrario. Milano, 
1915. 


Syracuse University. Bulletin, March 1915. Syracuse, 1915. 
Gift of University. 


TECHNICAL TDicrionary, Deinhardt & Schloman. vol. IT. 
London, 1908. 


Text Book or ENGINEERING THERMODYNAMICS, C, EF. Lucke 
and J. J. Flather. New York, 1915. 


THEORIE UND BERECHNUNG DER TURBOGEBLASE UND TURRO- 
KOMPRESSOREN, Otto Essich. Berlin. 


Tower CLocK AND How To It, EF. B. Ferson, Chicago, 
1903. 


TrRAITE M. d’Ocagne. Paris, 1899, 
TUNNELING, Eugene Lauchli. New York, 1915. 


UNITED STATES SINGLE SHoT MARTIAL I’IsTOLs, C. W. Sawyer. 
Boston, 1913. 


UNITED STATES STEEL CorPORATION. METHODS FOR THE Com- 
MERCIAL SAMPLING AND ANALYSIS OF ALLOY STEELS. 1915, 
Gift of Carnegie Steel Company. 


Vatve Gears, Chas. H. Fessenden. York, 1915. 


VENTILATION AND Hu™Mipity IN TEXTILE MILLS AND FACTORIES, 
Cc. H. Lander. London-New York, 1914. 


Viscosiry or Liquips, A. FE. Dunstan and F. B. Thole. Lon- 
don, 1914. 


WIRING OF FINISHED Buiitpines, Terrell Croft. New York, 
1915. 


WORKMEN'S COMPENSATION AcT, 11106, W. A. Willis, ed. 15. 
London, 1915, 
GIFT OF NATIONAL CHILD LABOR COMMITTEE 
Cnitp LApor BULLETIN, Aug. 1914, pts. 1-2. 
THE CLINKER AND SOME OTHER CHILDREN. 114, 


CHILD WORKERS OF THE NATION, 1809, 


TRADE CATALOGUES 


Unper-Feep Stroker Co. Chicago, Ill. 
April 1915. 


Publicity Magazine, 
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OFFICERS AND COUNCIL 


President 
JOHN A. BRASHEAR 


Vice-Presidents 
Terms expire December 1915 
H. L. Gantr 
E. E. 
H. G. 


Managers 
Terms expire December 1915 
Morris L. Cooke 
W. B. Jackson 
H. M. Leuanp 


Terms expire December 1916 
A. M. GREENE, JR. 
JOHN HUNTER 
Exvuiotr H. WuHit.ock 


Past-Presidents 


Terms expire December 1916 
JEORGE W. Dickie 
Henry Hess 
JaMES E. SaGue 


Terms expire December 1917 
CHARLES T. MAIN 
Max TOLtTz 

SPENCER MILLER 


Members of the Council for 1915 


M. L. Houtman 


JESSE M. SMITH JAMES 


Chairman of Finance Committee 


Rosert M. Dixon 


Honorary Secretary 


FrepDERICK R. Hutron 


Avex. C. HUMPHREYS 


HARTNESS W. F. M. Goss 


Treasurer 


H. WILEY 


Secretary 
Cavin W. RIce 


Executive Committee of the Council 


JOHN A. BRASHEAR, Chairman 


H. L. Ganrt, Vice-Chairman HENRY 


A. M. GREENE, JR. 


SPENCER MILLER 


Hess H. G. Rest 


JAMES E. SaGuEe 


STANDING 


Finance 
R. M. Dixon (3), Chairman; W. L. Saunpers (1), 
W. D. Sargent (2), W. H. (4), Aurrep F. 
Forstatu (5) 


Meetings 
J. H. Barr (4), Chairman; H. E. Lonewetu (1), 
H. L. Ganrr (2), R. H. Fernatp (3), L. P. Aurorp (5) 


Publication 


C. I. Earui (1), Chairman; I. E. Movutrrop (2), F. R. 
Low (3), Frep J. Miuuer (4), Henry Hess (5) 


Membership 
W. H. Boerum (1), Chairman; H. C. Meyer, Jr. (2), 
L. R. Pomeroy (3), Hosea WeBsTER (4) 


Committee on Standardization 


(To be appointed) 


COMMITTEES 
Library 
L. Watpo (2), Chairman; W. M. MeFartanp (1), 


J. W. Lies (3), Jesse M. Suitru (4), The Seeretary 
House 

S. D. (1), Chairman; W. N. Dicxrnson (2), F. A. 

SCHEFFLER (3), J. W. Newson (4), O. P. Cumaines (5) 
Research 

R. C. CARPENTER (1), Chairman; R. H. Rice ‘2), Kh. D. 

MersHon (3), R. J. S. Praorr (4), A. M. Greene, Jr. (5) 
Public Relations 


Morris L. Cooke (4), Chairman; J. M. Dopar (1), W. R. 
WARNER (2), G. M. Britt (3), Spencer MILLER (5) 


Constitution and By-Laws 


JESSE M. Situ, Chairman; Frepertck R. Huron, 
JAMES E. SaGue 


Note—Numbers in parentheses indicate number of years the member has yet to serve 
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SOCIETY REPRESENTATIVES 


American Association Advancement of Science 
Auex. C. Humpureys, W. B. Jackson 

American Society Testing Materials 

Modification Briggs Standard for Pipe Threads 


STANLEY G. FLAcc, Jr., JouN C. BANNISTER 


Conference Committee on Electrical Engineering Standards 


H. G. Srorr, Chairman; A. F. GANz, Cari SCHWARTZ 
Conference Committee of National Engineering Societies 


and A.S.T.M. 


C. W. Baker, A. M. Greene, Jr. 
Conservation 
G. F. Swain, Chairman; C. W. Baker, L. D. Buruin- 


GAME, M. L. Houman, Carvin W. Rice 
The Engineering Foundation 
Jesse M. Suiru, Avex. C. 
Joint Committee International Fngineering Congress 1915 


The President, The Secretary, C. T. Hurcurnson, THos. 
T. W. Ransom, C. R. 


John Fritz Medal 


Joun A. Brasuear (1), Freverniok R. Hurron (2). 
Joun R. Freeman (3), Ambrose Swasty (4) 

Library VPoard, United Engineering Society 
L. Wauro, W. M. MeFarnanp, J. W. Lies, Jesse M. 
CaLvin W. Rice 

Standardization of Lipe and Pipe Fittings for kire | rotecticn 
Cuas. A. OLSON 

Pan-American Scientific Congre s 
W. H. Brxsy, Cuas. T. PucxKetr, Carvin W. Rice, 
S. W. Srratrrox, Cart C. Tuomas 

Registration of F ngineers 
Cuas. Wuittnc Baker, A. M. Greene, Jr. 

State Constitutional Convention 
CHARLES W. Baker, Chairman; A. M. Greene, Jr.. 
Kk. G. SPILsSBURY 

Trustees United Engineering Society 
Jesse M. (1), Avex. Humpnreys (2), 
Joun R. Freeman (3) 


SPECIAL COMMITTEES 


Administration Am. Soc. M.E. 
Rosert M. Dixox, Chairman; L. P. 
Basrorp, G. M. Forrest, Jos. W. Ror 


ALFOR (i. M. 


The Poiler Code 

Joun <A. STEVENS, Chairman; C. W. Obert, 
W. H. Borum, R. C. Carventer, F. H. Cuark, F. W. 
Dean, T. E. Durpanx, Kart Ferrari. E. C. Fister, C. 
Gorton, A. M. Greene, Jr., Ricnarp HamMonp, A. L. 
Hcumpurey, C. L. Hustrox, D. S. Jacosus, S. F. Jerer, 
W. F. Kisser, Jr., W. F. MacGrecor, F. 
M. F. Moore, L. Mouttrrop, R. D. Reep, H. G. Srorr, 
H. VavuGuan 


Secretary; 


Classification of Technical Literature 
P. Breckenripce. W. W. 
J. PRINDLE 


K. R. Low, Chairman; L. 


A. E. Forstauu, E. 


Code of Ethics 
C. W. Baker, Chairman; CHARLES 
Miter, C. R. Ricnarps 


T 


Main, SPENCER 


Engineering Fducation 
ALEX. C. HUMPHREYS 


Expert Testimony 
H. Ricnarps, 
H. peB. Parsons 


Chairman; W. Boerum, 


Engineers Reserve Corps 
Wa. H. Winey, Chairman; Joun A. 
man; other members to be appointed 


Hitt, 


Vice-Chair- 


Filter Standardization 
G. W. Fuuuer, Chairman; Jas. C. Boyp, P. N. ENGEL, 
J. C. W. Gretu, WM. SCHWANHAUSSER 
Flanges for Hydraulic Work 
H. G. Srorr, Chairman; A. R. 
JULIAN KENNEDY, W. M. Wuire 


A. M. Houser. 


Increase of Membership 
I. E. Mouvrror, Chairman; F. H. Corvin, J. V. V. 
WELL, R. M. Dixon. W. R. Dunn. J. P. Iusuey, E. B. 


Katre, R. B. Sueripan, H. StrucKMANN 
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Chairmen of Sub-Committees on Increase of Membership 


Atlanta, Park A. Boston, A. L. Wittiston: Buf 
falo, W. H. Carrier: Chicago, P. A. PovreNuUusen; Cin 
cinnati, J. T. Cleveland, R. B. Sueripan: L 


geles, O. J. Roor; Michigan, H. H. Esseitstyn: Minne- 


suta, Max Touirz; New Haven, E. H. Locxkwoop; Neu 
York, J. A. Kinkeap; Philadelphia, T. C. McBrine; 
Rochester, JouN C. Parker; St. Lows, Joun Hunter: 
San Francisco, F. H. Varney; Seattle, R. M. Dyer; 
Troy, A. E. CLUETT 

Government Water Wheel Testing Flume 
Cuas. M. ALLEN, Chairman; Cuas. T. Maix, W. M 
WHIT 

Joint Committee on Standards for Graphic Presentation 
C. Brinton, Clairman; Leonarp P. Ayres. N 
A Care, R. E. Cuappockx, F. A. CLevetanp, C. B. 
Davenrort. W. S. Girrorp, J. Arravur Harris. H. E. 
Hawkes, J. A. Hitt, H. D. Hussarp, R. H. Mont 
GOMERY, ALEX. Situ, Jupp Srewarr, WeENpbELL M. 
STRONG, L. THornpikt 

Local Sections 
H. Chairman: W. F. M. Goss, 


L. C. Marsurs, W. D. R. 


National Museum 
G. F. Kownz, 
SWASEY 


Georce Mesta, H. G. Reist, AMBROSE 
Nominating Committee for Officers for 1916 


M. Herr, Chairman; Frev J. 
Rick, W. M. McFaruanp, FE. C. Jones 
Patent Laws 


W. H. Buauvett, Cari. 
W. E. Winxsup, B. F. Woop 


H. 


RicHARD 


Tuomas, Epwarp Weston, 
Pipe Threads International Standard 
Kk. M. Herr, Chairman; W. 
STaNnLeY G. FLaca, JR. 
L. V. Benet, Paris Representative 


J. Baupwinx, G. M. 


30ND, 


Power Tests 
G. H. Barrus, Chairman: E. 
ripGE, D. S. Jacosus, 
Artuur West, A. 


T. Apams, L. P. BrecKen- 
Wituiam Kent, E. F. Miner, 
C. Woop 
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Prizes 
Juniors: 

R. H. Fernaup, Chairman; F. E. Rocers, G. B. Branp 
Students: 


Freperick R. Hurron, Chairman; R. H. Fernavp, 
D. S. 


Refrigeration 


D. S. Jacosus, Chairman; P. DeC. Batu, E. F. 
G. T. VoorRHEES 


Research Committee, Sub-Committee on Fuel Oil 


Ervin G. Battey, L. E. Barrows, R. H. Danrortu, 
A. M. Hunt 


Research Committee, Sub-Committee on Materials of Electrical En- 
gineering 


R. D. MersHon 


Research Committee, Sub-Committee on Safety Valves 


EK. F. Miniter, Chairman; P. G. Dariine, H. D. Gorpon, 
F. L. Pryor, F. M. Wuyte 


Research Committee, Sub-Committee on Steam 


R. H. Rice, Chairman; C. J. Bacon, E. J. Bera, 
W. D. Ennis, L. S. Marks, J. F. M. Patitz 


SUB-COMMITTEES OF THE 


Administration 


J. M. Dopce, Chairman; L. P. ALrorp, Secretary; D. M. 
Bates, Caper, H. A. Evans, JAMES HARTNEsS, 
W. B. Tarpy, ALEXANDER TayLor, H. H. VauGuan 


Air Machinery 


F. W. Chairman; B. C. Barcueper, H. V. 
Conrab, Frep A. Hausey, O. P. Hoop, WILLIAM PRELL- 
witz, R. H. Rice, C. C. THomas 


Cement Manufacture 


H. J. Seaman, Chairman; G. 8S. Brown, Vice-Chairman; 
J. G. Beraguist, W. R. Dunn, F. W. Ketiey, Morris 
Kinp, F. H. Lewis, W. H. Mason, R. K. Meape, Esnar 
Posse.t, H. Srruckmann, A. C. P. H. WiLson 


Depreciation and Obsolescence 


Avex. C. Humpureys, Chairman; J. G. Beraguist, C. J. 
Davipson, A. E. F. W. H. Struck- 
MANN 


Fire Protection 


J. R. Freeman, Chairman; E. V. Frencu, Vice-Chair- 
man; ALBERT BLauveLt, F. M. Griswoup, H. F. J. Por- 
TER, T. W. Ransom, I. H. 


Gas Power 


Freverick R. Hurron, Chairman; Geo. A. OrroK, Secre- 
tary; C. H. Bensamin, W. H. Buiavvevt, R. B. Buoem- 
EKE, W. D. Ennis, H. J. Frern, F. R. Low, Wm. T. 
Macruper, I. E. Movuurrop, A. F. Stimuman, H. H. 
SUPLEE 


SPECIAL COMMITTEES — Continued 


Society History 
Joun Sweet, Chairman; 
Freperick R. Hurron, Secretary; H. H. SuPLEE 


Student Branches 


Freperick R. Hurron, Chairman; Grorce M. 
Wa. Kent, Geo. A. OrROK 

Frederick W. Taylor Memorial 
Henry R. Towne, Chairman; Freperick R. Hurron, 


JouHN R. FREEMAN, OBERLIN SMITH 


Tellers of Election 
H. A. Hey, Chairman; W. P. Hayes, Rosert H. Kirk 


Threads for Fixtures and Fittings 


E. S. Sanperson, Chairman; Gro. B. Tuomas, Secretary; 
Wma. J. BaLpwix, STANLEY G. FLaGG, Jr., CHarues R. 
Hare, Harry E. Harris, ALLEN H. Moore, WiLuiam R. 
WEBSTER 


Tolerances in Screw Thread Fits 


L. D. BURLINGAME, Chairman; ELLWoop BurDSALL, F. G. 
Copurn, F. H. Cotvin, A. A. FULLER, JAMES HarTNEss. 
H. M. Letanp, W. R. Porter, F. O. Wetts, W. F. 
WORTHINGTON 


COMMITTEE ON MEETINGS 


Hoisting and Conveying 


R. B. Sueriwpan, Chairman; C. K. Baupwin, C. 
Brown, O. G. Date, P. J. Fickincer, F. E. Huverr, 
SPENCER MILuer, A. L. Roperts, Harry SAWYER 


Industrial Building 


F. A. Watpron, Chairman; H. A. BurNHAM, CHARLES 
Day, Darton, J. O. DEWoLF, CHARLES T. Main 


Iron and Steel 


Jos. MorGan, Chairman; Tuos. Towne. Secretary; W. P. 
Barpa, F. F. Rogers Birnie, A. L. Cotpy, JULIAN 
KENNeEpby, M. T. Lorurop, W. E. Snyper, J. ‘T. Wau.ts. 
R. M. Warr 


Machine Shop Practice 


L. D. BurtincaMe, Chairman; E. P. Buuuarp, Jr., FRep 
H. Coivin, A. L. DeLeeuw, W. H. Dierenporr, F. L. 
Esperuarpt, H. P. R. E. FLanpers, A. A. 
Fuuuer, H. K. Hatruaway, E. J. Kearney, Wa. Lopae, 
H. M. Lucas, F. Rogers, N. E. Zusi 


Protection of Industrial Workers 


Joun H. Barr, Chairman; Meivitte W. Mix, Joun P. 
Jackson, JOHN W. Upp, W. A. VIALL 


Railroads 


E. B. Karre, Chairman; G. M. Basrorp, W. G. Bester, 
F. H. Cuarx, A. H. Enve, C. E. W. F. M. 
Goss, A. L. HumpHrey, W. F. Kreset, Jr., N. W. STorer, 
H. H. Vavenan, R. V. Wricut 


Textiles 


C. T. PLunKert, Chairman; E. W. Tuomas, Secretary; 
D. M. Bates, AtBert G. Duncan, E. D. France, E. F. 
GREENE. F. W. Hopss, W. E. Hooper, C. R. MAKEPEACE. 
C. H. MANNING 
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GEOGRAPHICAL SECTIONS OF THE SOCIETY 


Atlanta 
Eart F. Scorr, Chairman; Park A. Dauuis, Secretary; 
Oscar Evsas, Frank H. L. W. Ropert, Jr. 


Buffalo 
Davip Chairman; C. H. Birersaum, C. A. Boorn. 
S. B. Dauauerty, Jas. W. GIBNEY 


Chicago 
H. M. Monrcomery, Chairman; Josert Harrincron, 
Viee-Chairman; Rosert Thayer, Secretary; Cuas. E 
Winsox, H. T. Bentiey 


Cincinnati 
J. B. Stanwoov, Chairman; J. T. Faic, Secretary; W. 
G. Franz, G. W. Grorck LANGEN 


Los Angeles 
Watrer Hl. Apams, Chairman; Foro W. Harris. Secre- 
tary; J. Root, W. W. Patt 


LOCAL MEETINGS 


Boston 


Hi. N. Dawes, Chairman; W. G. Snow, Secretary; C. H. 
Fisu, A. L. Wiuuiston, C. W. E. CLARKE 


New Haven 


Hl. B. Sarcent, Chairman; E. H. Lockwoop, Secretary; 
I’. L. Bréetow, L. P. J. A. Norcross 


Milwaukee 
Louis E. StrroruMan, Chairman; H. Dorner, Sec- 
retary; M. A. Beck, Water C. Linpemann, R. H. Ros- 
INSON, ARTHUR SIMON, HENRY WEICKEL 

Minnesota 
Wa. H. Kavanavucu, Chairman; E. J. Heinen, Vice- 
Chairman; F. W. Rose, Seeretary-Treasurer; H. F. 
Mve ier, Max Tourz 


San Francisco 
F. W. Gay, Chairman; FRank H. Varney, Vice-Chair- 
man; C. F. Seeretary; H. L. 
J. T. 

St. Louis 
Epwarp Fiap, Chairman; G. R. Seeretary; 
F. E. Bauscn, FE. R. Fisu, L. One 

Worcester 
B. MorGax, Chairman; E. H. Reep, C. F. Drerz, 
H. P. Farrrrevp, F. W. Parks 


OF THE SOCIETY 


New York 
Epwarp VAN WINKLE. Chairman; JouN P. Nerr, Sece- 
retary; H. R. Cosieiu, Treasurer; J. J. Swan, Epwin 
J. PRINDLE 

Philadelphia 
Ropert H. Chairman: W. R. JONES, Secretary ; 
B. Carter, H. Jas. E. Ginsonx, A. C. Vav- 
CLAIN 


OFFICERS OF AFFILIATED SOCIETY 


Providence Association of Mechanical Engineers 


W. H. Patne, President; Arruvr H. ANNAN, Vice-President; J. A. Brooks, Secretary; A. H. WuHatiry, Treasurer 


OFFICERS OF THE STUDENT BRANCHES 


DATE 
AUTHORIZED 
BY COUNCIL 


HONORARY 
CHAIRMAN 


INSTITUTION 


Armour Inst. of Tech. Mar 9, 1909 G. F. Gebhardt 
Carnegie Inst. of Tech. Oct 14, 1913 W. Trinks 


Case School of Applied Feb 14, 1913 F. H. Vose 
Science 


Columbia Univ. Nov 9, 1909 Chas. E. Lucke 
Cornell Univ. Dee 4, 1908 R. C. Carpenter 
Georgia Sch. ot Teeh. Feb 13, 1915 


Kansas State Agri. College Feb 15. 1914 AL A. Potter 
Lehigh Univ. 


Leland Stanford Jr. Univ. Mar 9, 1909 W. F. Durand 


Mass. Inst. of Tech. Nov 9, 1909 E. F. Miller 
New York Univ. Nov 9. 1909 C. E. Houghton 
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J. R. Chine 


June 2, 1911 P. B. de Schweinitz) C. 


CHAIRMAN CORRESPONDING SECRETARY 


J.M. Byanskas 8. Eehlin 

Armour Inst. of Tech... Chicago, Il. 
Julius Guter 

303 Dithridge St., Pittsburgh, Pa. 
L. W. Hodons Burton 8S. Dake 

1886 E. 75th St., Cleveland, O. 
A. S. Henry 

333 Central Park W., New York, N. Y. 
W. F. Courtney 

Telluride Assoc., Ithaca, N. Y. 
W. T. MeCullough, -Jr. 

55 W. North Ave., Atlanta, Ga. 
F. R. Rawson 

Kan. State Agri. College, Kan. 
. Shuttler W. C. Hartman 

Lehigh Univ.. South Bethlehem, Pa. 
W. H. Warren F. G. Wampton 
313 Kipling St., Palo Alto, Cal. 

KX. Richmond C. Shedd 
74 Lakeview Ave., Haverhill, Mass. 


Hl. F. Allen 


A. R. Cota 


L. A. Wilsey 
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Ohio State Univ. 

Penn. State College 
Poly. Inst. of Brooklyn 
Purdue Univ. 


Rensselaer Poly. Inst. 


State Agri. College (Colo.) 


State Univ. of lowa 
State Univ. of Kentucky 
Stevens Inst. of Tech. 
Syracuse Univ. 

Throop College of Tech. 
Univ. of Arkansas 

Univ. of California 
Univ. of Cineinnati 
Univ. of Colorado 

Univ. of Illinois 

Univ. of Kansas 

Univ. of Maine 

Univ. of Michigan 

Univ. of Minnesota 
Univ. of Missouri 

Univ. of Nebraska 

Univ. of Wisconsin 
Virginia Poly. Inst. 
Washington Univ. 
Worcester Poly. Inst. 


Yale Univ. 


Jan 10, 
Nov 9, 
Mar 9, 
Mar 9, 
Dee 9 
Oct 9, 
Apr 11, 
Jan 10 
Dee 4, 
Dee 3 
Nov 13, 
Apr 12 
Feb 13 
Nov 9 
Apr 10 
Nov 9 
Mar 9 
Feb 8 
Apr 10 
May 12, 
Dee 7 
Dec 7, 
Nov 9, 
Jan 8, 
Mar 10, 


June 16 


Oct 


11, 


, 1910 A. M. 


1912 Joseph N. 


, 1909 J. T. 


, 1909 W. F. 


1910 Arthur C. 


1911 Wm. T. Magruder 
1909 J. P. Jackson 

1909 W. D. Ennis 

1909 G. A. Young 
Greene, Jr. 
ld J. W. Lawrence 


1913 R. S. Wilbur 


, 1911 F. P. Anderson 


1908 Alex. C. Humphreys 


. 1911 W. E. Ninde 


1914 W. Adams 


2, 1910 B. N. Wilson 


LeConte 


Faig 


1914 J. A. Hunter 


M. Goss 


. 1909 P. F. Walker 


Jewett 


, 1914 John R. Allen 


1913 W. H. Kavanaugh 


, 1909 H. Wade Hibbard 


1909 J. D. Hoffman 
1909 J. G. D. Mack 
IME LS. Randolph 
1911 L. Ohle 
1914 W. W. Bird 


1910 L.. P. Breckenridge 


H. Burnham 


H. L. Mummert 


H. Brandt 
W. T. Miller 


Cc. P. Brown 


A. Johnson 


C. W. Harrison 


M. Brooke 


Jr. 


D. Hay 
R. O. Catland 
M. MeGill 


A. J. Langham 


mer 
K. b. Good 


R.C. Males 
J. Stillwell 
W. L. Wark 


W. W. Tuttle 


D. M. Giltinan 


L. L. Leach 


L. L. Westling 


J. B. Wilkinson 


R. C. Brauer 
R. V. Henkel 
Harold Nutt 


R. F. Frost 
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Moorhead 


OFFICERS OF THE STUDENT BRANCHES (Continued) 


S. J. Cobb 

Olio State Univ., Columbus, O. 
J. Kenney 

Pa. State College, State College, Pa. 
Charles E. Rohmann 


Poly. Inst. of Brooklyn, Brooklyn, N. Y. 


C. MeAntley 

Purdue Univ., Latayette, Ind. 
W. Kelly 

374 Clinton Ave., Albany, N. Y. 
T. H. Sackett 


State Agri. College, Fort Collins, Colo. 


Victor Johnson 
Cedar Rapids, la. 
T. R. Nunan 


345 S. Limestone St., Lexington, Ky. 


R. F. Holman 
Stevens Inst. of Tech., Hoboken, N. - 
H. B. Tracy 
Favetteville, 
HL. A. Black 


32 N. Grand Oaks Ave., Pasadena, Cal. 


(. Bethel 
Univ. of Ark., Fayetteville, Ark. 
Ll. L. MeLean 
Univ. of Cal. Berkeley, Cal. 
W. T. Lowell 
300 Ludlow Ave., Cincinnati, O. 
Wiltred Sawyer 
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